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Executive Summary 

Project Overview 
Ameresco, Inc. is pleased to provide this Energy Audit Report to the City of Knoxville (COK), 
pursuant to the Energy Audit Agreement.  This report is the culmination of a comprehensive utility 
study of 97 buildings operated by the city, as well as that of all parks, athletic fields, public golf 
courses and street lights.  A complete list of facilities surveyed is included.  The study included 
extensive site examination, analysis of historical utility billing data for all utility services, building 
energy modeling, development engineering, and an investment grade financial assessment.   

To the greatest extent feasible, we have attempted 
to respond in the energy conservation measures 
(ECMs) presented in this report to COK’s desire to 
reduce energy and water costs while also addressing 
vital, utility-related capital needs.   In each case, we 
compared measure payback against life cycle, but 
also considered other tangible benefits not directly 
related to savings in making our recommendations. 

The current recommended package of 
improvements, totaling approximately $13.8M, 
encompasses the best economic payback approach 
while addressing various capital-intensive upgrades.  
Savings under an Energy Services Agreement will 
cover the entire project capital cost via a 
guaranteed-savings, 18-year term financing, which 
is described in more detail later in this section.   

Implementation of this project is expected to produce nearly $1.1M in annual utility cost savings 
during the first year of project repayment,1 representing a reduction of nearly 26% in utility 
expenditures for the buildings impacted.  In addition, a portion of the total project investment is 

                                                      
1 Project repayment is anticipated to begin in 2012, after a two-year construction cycle. 
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dedicated to renewable energy, including solar hot water heating systems and a solar photovoltaic 
power generating system.   

This Energy Audit Report is broken out into five main sections: 

• Section 1 describes the utility baseline developed for this project, including any adjustments 
made, as well as the current tenant utility allowances and the utility rates applied to the 
savings;  

• Section 2 presents the existing site conditions reports; 

• Section 3 describes the long term services proposed during the repayment term of the 
Energy Services Agreement (ESA), including annual equipment and systems inspections and 
measurement and verification of the savings; as well as the opportunity for occupant 
education, and long-term maintenance services;   

• Section 4 presents a detailed description of the recommended ECMs, a summary of 
measures considered but not recommended, and general information detailing how 
Ameresco proposes to design, implement, and commission the ECMs and provide 
concurrent training and occupant education; and 

• The ECM Appendix contains the attachments to this report which include the 
recommended product cut sheets and a summary of measure costs and savings by site.  

While we recognize that the final package of measures may be adjusted, it is our recommendation 
that the package we have developed, with input from COK staff and finance committee board 
members, is the most economically beneficial and comprehensive from a property upgrade and 
deferred maintenance perspective.  We look forward to working with COK to finalize the package of 
measures and services in order to execute the Energy Services Agreement (ESA) by November 1, 
2009. 

To that end, we propose the following next steps: 

• COK City Council approves the proposed scope of work and financing engagement letter at 
the next board meeting; 

• Ameresco develops the ESA and associated appendices; Ameresco and COK also determine 
the scope of long-term services (e.g. maintenance); 

• Secure the ESA approval from Legal; 

• Secure financing; 

• Execute financing and ESA (November 2009) 
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Ameresco would like to acknowledge and give special thanks to Mr. Boyce Evans and Ms. Penny 
Owens, as well as the other management and facilities staff whose input and support during the audit 
was invaluable.   

Environmental Benefit 
Based on the energy savings projected for this project, the following reductions in greenhouse gas 
emissions are expected: 

Greenhouse Gas Emissions Reduction 

CO2 18,555,994 Lbs/yr 
SOX 79,697 Lbs/yr 
NOX 30,223 Lbs/yr 

The efficiency improvements and renewable energy component proposed in this project will provide 
a significant and sustainable step towards meeting the City of Knoxville’s Greenhouse Gas Emissions 
goals. 

Cash Flow Projection 
Please refer to this section for the cash flow generated for this project.  For purposes of this report, 
we have assumed a 5.21% finance rate in the project cash flow, with construction starting in 
February 2010 and lasting 24 months, and an escalating lease payment (as savings escalate over the 
term of the contract).  In addition, we have assumed that interest during construction will be 
capitalized, and the financed amount is net of any utility rebates available. 

The savings used in the cash flow are based on the predicted consumption savings, valued at the 
average cost per unit of energy or water utilizing projected 2012 utility rates, the base rates, which are 
then escalated annually by 4%.  During the repayment term, the savings rates will be valued at the 
greater of the then-current retail utility rates or the escalated base rates.  For more information on 
determination of the projected utility rates, please refer to Section 1.   

Measures Selections 
The measure matrices presented in Section 4 present the recommended Energy Conservation 
Measures (ECMs) included in the Energy Audit Report.  This package of measures represents the 
most beneficial mix of measures that will achieve both utility cost savings and needed capital 
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upgrades, without sacrificing occupant comfort or adversely impacting operations and maintenance 
costs.   

In selecting measures for inclusion in this project, we first determined the measure simple payback 
(which equals the measure cost divided by the initial year savings) and compared that to the 
anticipated life cycle of the proposed equipment.  Where measure paybacks were long or non-
existent (i.e. little or no measurable savings), we also considered other factors or benefits, such as 
replacing aging roofs where new solar equipment was recommended.  Listed here are the life cycle 
assumptions used in our analysis: 

Measure Type Useful Life 

Water Fixtures 25 years 

Lighting Fixtures 20 years 

Solar Photovoltaic Systems 30 years 

Solar Hot Water Systems 30 years 

Building Water Pressure Controls 25 years 

Window Air Conditioners 10 years 

Refrigerators 10 years 

Vending Machine Controls 20 years 

Electric Meters 20 years 

High Efficiency Packaged Water Heaters 20 years 

Roofing Systems 25 years 

Gas-fired Instantaneous Water Heaters 20 years 

Electric Transformers 30 years 

The above useful life estimates are based on properly maintained and serviced equipment. 

While other combinations of measures are possible given COK’s needs, we feel that the enclosed 
package represents the best combination of measures.  Please refer to Section 4 of the audit report 
for a detailed description of the proposed measures.  Listed below is a brief summary of the 
proposed measures. 

ECM 1: Lighting  

Ameresco has designed a lighting system that will benefit the City of Knoxville, Tennessee. This 
system is designed to be energy efficient, low maintenance and cost effective.  It will enhance the 
quality, consistency and color rendering of the City’s lighting, while meeting all applicable codes and 
standards.  
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ECM 2: Install Lighting Controls 

Ameresco proposes to install new lighting controls in the City of Knoxville buildings to ensure that 
lighting does not operate unnecessarily. Energy waste occurs when a fixture is energized but the 
space is unoccupied. Ameresco noted many occupants are not careful about turning off lights when 
they leave the room, making automated controls advantageous. 

Ameresco has proposed occupancy sensors to be installed in many offices and bathrooms.  
Ameresco will also develop a number of facility-specific control strategies. 

ECM 3: Energy Management System Upgrade and Expansion 

Ameresco proposes to perform upgrades to the existing building level control systems found at the 
larger facilities owned by the City of Knoxville and then integrate these buildings into a single, 
citywide energy management system (EMS).  Small office buildings, community centers and fire 
stations will receive new DDC control systems which will be networked together through the 
citywide EMS.  The citywide EMS provides a common interface to monitor building conditions, 
control HVAC equipment, adjust setpoints and view alarms in facilities across the city.  The system 
will be accessible from any internet enabled computer with web browsing software, once the user is 
properly authenticated.  Also, the citywide EMS will be modular and expandable, allowing existing 
buildings or newly constructed buildings to be added at a later date.  

Networking the facilities owned by the City of Knoxville into a single, web-based EMS allows the 
conditions at each building to be monitored in real-time from any location where internet access is 
available.  This enhances occupant comfort while providing significant energy savings.   The citywide 
EMS will also display real-time alarms, allowing for quick response times and remote troubleshooting 
by the Facility Management staff.   

Additionally, Ameresco proposes to implement energy savings strategies such as Demand Controlled 
Ventilation (DCV), air-side economizer, building scheduling and unoccupied setback.  Building 
schedules can be applied through the citywide EMS, allowing HVAC equipment to be turned off or 
set back when the building is unoccupied.  DCV ensures adequate building ventilation and provides 
significant energy savings by controlling building outside air intake based on CO2 levels in the space. 

ECM 4: Domestic Water Conservation 

Ameresco proposes to reduce domestic water consumption at most of the City of Knoxville facilities 
by replacing standard flow domestic water fixtures with low flow water fixtures. As part of this ECM, 
Ameresco will replace existing standard flow toilets with low flow models, retrofit urinals with low 
flow flush valves and modify lavatory faucets with low flow aerators. Please refer to the Appendix for 
details on the proposed equipment. 
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ECM 5: Irrigation System Upgrades 

Ameresco will reduce the water usage at six parks throughout the city by installing state of the art 
irrigation controls.  Ameresco will reduce the City’s water cost by installing a 1.2 million gallon pond 
at Whittle Springs Golf Course and new irrigation controls and removing Volunteer Landing, Lower 
Second Creek parking lot and the Worlds Fair Park Lake from the Knoxville Utilities Board water 
system. Ameresco will install controllers with a weather station, flow sensor, and rain sensors at 
Casewell Park, Victor Ashe Park, Holston River Park, Ridley Helton Fields, and Danny Mayfield 
Park. 

ECM 6: HVAC System Upgrades 

Ameresco is proposing several different types of upgrades to the HVAC equipment throughout the 
City.  Some of these upgrades are listed in this section and others, due to their nature, are listed in the 
different ECMs of this document. 

ECM 7: HVAC VFD System Upgrades 

Ameresco is proposing to install variable frequency drives (VFDs) on several AHUs in the Knoxville 
Civic Auditorium Coliseum, Knoxville Public Safety Building, and the Knoxville Fire Department 
Headquarters Building. 

ECM 8: Hydronic VFD System Upgrades  

Ameresco proposes to install new premium efficiency, inverter duty motors and variable frequency 
drives (VFDs) on the secondary hot water loop at the Knoxville City County Building, the dual 
temperature loop at the Knoxville Civic Auditorium Coliseum, the chilled water loop at the 
Knoxville Public Safety Building and the cooling towers at the KCAC and KPSB.  Ameresco also 
proposes to modify the existing 3-way hot water, dual temperature, and chilled water valves for two 
way operation.  Installing VFDs and controls for these pumps will allow them to modulate with 
varying load, reducing electrical energy use. 

ECM 9: New Boiler Installation  

Ameresco proposes to improve the heating system efficiency at the Knoxville City County Building 
and the Knoxville Convention Center by replacing the existing heating boilers with high efficiency 
condensing boilers.  These boilers operate as high as 98 percent efficiency at optimal conditions. 

ECM 10: Electric Hot Water to Gas Conversion  

Ameresco proposes to replace the existing electric water heater with 500 gallon storage tank at the 
Knoxville Fire Department Headquarters Building (KFDHQ) with a new storage tank and natural 
gas fired, domestic water boiler. 
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ECM 11: Building Envelope 

Ameresco proposes to install new insulation at the gym of the Adaptive Recreation Center and 
the Pension Board.  New insulated garage doors will be installed at the KPD Components shop.   

ECM 12: Pool Upgrades  
Ameresco proposes to add automated pool covers to reduce water evaporation and heat loss during 
unoccupied times at the South Knoxville Community Center (SKCC), E. V. Davidson Recreation 
Center, and the Knoxville Adaptive Recreation Center (KARC). Please refer to the Appendix for 
details on the proposed equipment. 

ECM 13: Vending Machine Controls 

Ameresco proposes to install occupancy sensing plug load controllers to reduce the unnecessary 
operation of vending machines during unoccupied periods in several City of Knoxville facilities 
including most of the recreation centers, the fire halls and other locations throughout the city.  These 
vending machine controllers will save energy used by vending machines during unoccupied hours 
without compromising product quality. The controllers will use sensors to detect when the 
surrounding space is unoccupied and turn off the vending machines accordingly.  

ECM 14: High Efficiency Transformer Upgrades  

Several existing step-down transformers will be replaced with new energy-efficient transformers. All 
of the transformers are dry-type indoor transformers that step-down 480 volt power to 208Y/120 
volt power. 

Most transformers in use today are loaded at about 25-45% of their total capacity. They are designed 
to be able to transform the electricity up to design ratings and are most efficient at or around the 
design rating. Operating at low levels for normal transformers is inefficient. The Powersmiths E-
SAVER model C3L transformers proposed for this measure are designed to increase efficiency of 
the electricity transformation.  

The standard low voltage step-down transformer is widely considered a commodity and as such the 
only perceived differentiator in this case is price – lowest purchase cost wins. Commercial 
transformer specifications rarely require a minimum efficiency. As one would expect, building a less 
efficient transformer is cheaper than building a more efficient one, so a typical low-first-cost 
transformer will have a low up-front cost but high operating cost, with the lifetime cost of the 
operating losses exceeding the purchase cost many times over. 

The standard transformer is built to deliver its nameplate kVA rating under linear load only and is 
UL listed on this basis. As it has the lower purchase price on the market, it represents the majority of 
transformer purchases across the country. Along with the high operating cost goes substantial lost 
capacity and distortion of the voltage to connected equipment. 
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Understanding that efficiency and power quality are complimentary goals, Powersmiths designed its 
transformers with both in mind. Furthermore, they have been independently validated at Oak Ridge 
National Lab, a US DOE test facility, to run at 98% efficiency under single-phase nonlinear load 
profile, a dramatic improvement over traditional transformers. 

ECM 15: Power Network Management 

Ameresco proposes to reduce the City of Knoxville energy consumption for computers by installing 
a client/server software application that will optimally utilize the existing power management features 
native to the operating systems on the existing computers.  The software proposed will save energy 
and money by reducing the time the computers spend in higher power modes while not in use by 
district staff and students. 

ECM 16: Install New Solar Domestic Water Heaters 

Ameresco proposes to install a solar domestic hot water heater at Knoxville Fire Department 
Headquarters, Fire Station 4, Fire Station 9 and Fire Station 20. 

ECM 17: Install Solar Photovoltaic Array 

Ameresco proposes to install a 21,000-Watt (21 kW) photovoltaic (PV), electric power generation 
system at the Fire Department Head Quarters Building or at a sight with similar solar and roof 
characteristics. The system will convert the sun’s energy into electric power to offset and reduce 
utility power costs. The system’s collector array will be mounted on the roof facing in a southerly 
direction.  



ECM 
No ECM Description ECM 

Installation Cost
Annual ECM 

Energy Savings
Annual O&M 

Savings
Annual O&M 

Expense Total Savings Payback In/Out Capital 
avoidance

1 Lighting 6,424,551$         548,580$            100,000$            -$                    648,580$            9.9                      1 Total Funded Amount Plus Accrued Interest 14,521,281$       
2 Lighting Controls 501,381$            24,808$              -$                    -$                    24,808$              20.2                    1 Tax Exempt Lease
3 EMS Upgrades and Exp 2,566,935$         205,053$            -$                    44,304$              160,749$            16.0                    1 Payments per year (1, 4, 12) 12                       
4 Domestic Water Conservartion 410,614$            44,625$              -$                    -$                    44,625$              9.2                      1 In Advance (1), In Arrears (0) 0
5 Irrigation Sytem Upgrades 733,613$            90,038$              -$                    -$                    90,038$              8.1                      1 Term (years) 15                       
6 HVAC Equipment Upgrades 361,050$            18,729$              -$                    -$                    18,729$              19.3                    1 Interest Rate 5.21%
7 HVAC VFD Upgrades 514,039$            47,646$              -$                    -$                    47,646$              10.8                    1
8 Hydronic VFD Upgrades 199,646$            20,129$              -$                    -$                    20,129$              9.9                      1 Construction Term (months) 24                       
9 Boiler Installation 816,123$            37,666$              -$                    -$                    37,666$              21.7                    1 Construction Financing Rate 0.00%

10 Electric Hot Water to gas 73,818$              3,198$                -$                    -$                    3,198$                23.1                    1
11 Building Envelope 122,705$            7,210$                -$                    -$                    7,210$                17.0                    1 Funding Date 12/01/09
12 Pool Upgrades 242,314$            30,878$              -$                    -$                    30,878$              7.8                      1
13 Vending Machine 21,027$              5,110$                -$                    -$                    5,110$                4.1                      1
14 High Efficiency Transformers 301,335$            9,278$                -$                    -$                    9,278$                32.5                    1
15 PC Power Network Mgmt. 99,897$              5,109$                -$                    -$                    5,109$                19.6                    1
16 Solar Hot Water 82,597$              1,777$                -$                    -$                    1,777$                46.5                    1
17 Solar PV 337,685$            5,208$                -$                    -$                    5,208$                64.8                    1

Monitoring & Verification Costs 41,964$              
Operations & Maintenance Costs 44,304$              
Other Ongoing Costs -$                    

Energy, Water and Wastewater  Savings 4.0%
O&M Savings 3.0%
Monitoring & Verification 3.0%

TOTAL ALL ABOVE ECMs/FINANCED AMOUNT 13,809,331$       1,105,042$         100,000$            44,304$              1,160,738$         11.9                    Operations & Maintenance 3.0%
Less: Customer Contribution Other Ongoing Costs 3.0%
Capitalized Interest During Construction 711,950$            
TOTAL ECMs INCLUDING IDC 14,521,281$       1,105,042$         100,000$            44,304$              1,160,738$         

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Savings

Energy Savings 1,149,243$         1,195,213$         1,243,022$         1,292,743$         1,344,452$         1,398,230$         1,454,160$         1,512,326$         1,572,819$         1,635,732$         1,701,161$         1,769,208$         1,839,976$         1,913,575$         
O&M Savings 103,000$            106,090$            109,273$            112,551$            115,927$            119,405$            122,987$            126,677$            130,477$            134,392$            138,423$            142,576$            146,853$            151,259$            

Total Annual Savings 1,252,243$         1,301,303$         1,352,294$         1,405,293$         1,460,380$         1,517,636$         1,577,147$         1,639,003$         1,703,296$         1,770,123$         1,839,584$         1,911,784$         1,986,829$         2,064,834$         

Costs
Monitoring & Verification 43,223$              44,519$              45,855$              47,230$              48,647$              50,107$              51,610$              53,158$              54,753$              56,396$              58,087$              59,830$              61,625$              63,474$              
Other Operations & Maintenance 45,633$              47,002$              48,412$              49,864$              51,360$              52,901$              54,488$              56,123$              57,806$              59,541$              61,327$              63,167$              65,062$              67,013$              
Other Ongoing Costs -$                    -$                    -$                    -$                    -$                    -$                    21,575$              -$                    -$                    -$                    -$                    -$                    -$                    26,534$              

Total Ongoing Costs 88,855$              91,521$              94,267$              97,095$              100,008$            103,008$            127,673$            109,281$            112,559$            115,936$            119,414$            122,997$            126,687$            157,021$            

Principal 416,685$            486,438$            561,810$            643,176$            730,935$            825,510$            905,252$            1,035,750$         1,153,513$         1,280,055$         1,415,943$         1,561,780$         1,718,205$         1,786,228$         
Interest 746,702$            723,343$            696,216$            665,021$            629,436$            589,117$            544,222$            493,971$            437,223$            374,131$            304,226$            227,006$            141,937$            49,094$              

Total Lease Payment 1,163,387$         1,209,781$         1,258,027$         1,308,198$         1,360,371$         1,414,627$         1,449,473$         1,529,721$         1,590,736$         1,654,186$         1,720,169$         1,788,786$         1,860,142$         1,835,323$         

Total Program and Financing Costs 1,252,242$         1,301,302$         1,352,293$         1,405,292$         1,460,379$         1,517,635$         1,577,146$         1,639,002$         1,703,295$         1,770,122$         1,839,583$         1,911,783$         1,986,828$         1,992,344$         

1$                       1$                       1$                       1$                       1$                       1$                       1$                       1$                       1$                       1$                       1$                       1$                       1$                       72,490$              

1,252,242$         1,301,302$         1,352,293$         1,405,292$         1,460,379$         1,517,635$         1,577,146$         1,639,002$         1,703,295$         1,770,122$         1,839,583$         1,911,783$         1,986,828$         1,992,344$         

Notes:
(1) - Lease Payment is based upon current interest rate conditions which are subject to market changes thereby increasing or decreasing the economic value of the ECMs.

Guaranteed Savings

Net Cash Flow Benefit

Financing Assumptions

Construction Financing

Operations Assumptions

Escalation Rates

October 1, 2009
CASH FLOW ANALYSIS FOR POTENTIAL ENERGY SAVINGS PROJECTS
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Section 1: Utility and Baseline 
Information 

 
This section details the specific site conditions that were observed during the Detailed Energy Audit 
and summarizes the utility usage and cost data used to develop the baseline year.  This section also 
details Ameresco’s proposed Energy Conservation Measures (ECMs) and Other Measures 
Considered (OMCs) that were developed as a result of our observations and calculations.  

Facilities Surveyed 
Ameresco visited the City of Knoxville facilities on multiple occasions throughout the past year. 
During the site visits, Ameresco surveyed and analyzed the following facilities: 

• City County Building 

• Knoxville Convention Center 

• Civic Auditorium Coliseum 

• Safety Building 

• Knoxville Exhibition Center 

• State Street Garage Storage 

• Jacob Building 

• South Knoxville Community 
Center 

• John T. O’Connor Senior Center 

• W.T. Crutcher Maintenance & 
Office Facility 

• Fire Department Headquarters 

• Fire Station #9 

• Fire Station #10 

• Fire Station #13 

• Fire Station #18 

• Fire Station #5 

• Fire Station #11 

• Fire Station #3 

• Fire Station #16 

• Fire Annex Building 4 

• Fire Department Arson Bureau 

• Fire Station #6 

• Fire Department Training Center 

• Fire Station #21 

• Fire Station #4 

• Fire Station #20 

• Fire Station #15 

• Fire Station #12 
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• Fire Station #17 

• Fire Annex Building #2 

• Fire Station #14 

• Fire Station #7 

• Fire Annex Building #3 

• Fire Annex Building #1 

• Old KFD Station #19 

• Ev Davidson Recreation Center 

• Deane Hill Recreation Center 

• Cal Johnson Recreation Center 

• Adaptive Recreation Center 

• Cumberland Estates Recreation 
Center 

• Cecil Webb Recreation Center 

• Milton Roberts Recreation 
Center 

• Richard Leake Recreation Center 

• Recreation/Athletics Center 

• Oakland Recreation Center 

• Recreation/Storage Facility 

• New Hope Recreation Center 

• Inskip Recreation Center 

• West Haven Recreation Center 

• Larry Cox Senior Center 

• Lonsdale Recreation Center 

• Fountain City Recreation Center 

• South Knoxville Optimist Club 

• Ed Cothran Pool Buildings 

• Adair Park Community Center 

• Inskip Pool Buildings 

• Lyons View Recreation Center 

• Fairview Recreation Center 

• Happy Homes Recreation Center 

• Ijams Nature Center 

• Christenberry Family Center 

• Public Services (Zones) 

• Traffic Engineering Complex 

• Kerr Building 

• Elm Street Public Service 
Department Facility 

• Maintenance Garage 

• Fleet Heavy Equipment Shop 

• World’s Fair Park Sunsphere 

• Moses Training Academy 

• Engineer Building at Lorraine 
Street 

• Public Service Warehouse 

• East District Precinct 

• Facility Services Building 

• KPD Components Shop 

• Ridely Helton 

• Safety City Offices 

• Chilhowee Park Office Building 

• Broadway Fine Arts Center 

• K-9 Kennel 

• KAT Bus Service Facility 

• Truancy Center 

• Phil E. Keith Training Center 

• Public Service Horticulture 

• Charter Doyle Park House 

• City Employees Health Center 

• Pension Board 
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• Claude Walker Field Buildings • KFD Alarm Building 

• World’s Fair Park Security 
Building 

• Tyson Park Clubhouse 

• KPD/Motorcycle Shop 

• Fleet Fuel Pumps RR and Office 

• Impound Lot 

• Ashley Nicole Playground  

•  State Street Garage 

• Market Square Garage 

• Locust Street Garage 

• Lonsdale Library and Daycare 

• Lyons View School 

• CAC LT Ross 

• Volunteer Landing 

• Wee Golf Course 

• Whittle Springs Golf Course 

• Knox Municipal Golf Course 
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Utilities 

The utilities typically found at each City of Knoxville facility include electric, natural gas, and 
water/wastewater.  Knoxville Utilities Board (KUB) provides all utilities to the City facilities.   

Based on the utility information provided, Ameresco compiled Table 1.1 to summarize the annual 
utility expenditures that the City incurred to support their operations during a recent 24-month 
period.  The 24 months which define the baseline period vary by utility and building.  The most 
recent 24 months was used for each utility based on data provided by Knoxville Utilities Board. 

 

24-month Average
Demand, kW 106,337.7
Electric Usage, kWh 42,743,856
Demand Cost $996,299
Electric Cost $2,337,128
Demand Rate, $/kW $9.37
Electric Rate, $/kWh $0.0547

24-month Average
Natural Gas Usage, MMBtu 66,934
Natural Gas Cost $841,707
Natural Gas Blended Rate, $/MMBtu $12.58

24-month Average
Water Usage, kGal 124,292
Sewer Usage, kGal 52,292
Water Cost $284,501
Sewer Cost $380,997
Water/Sewer Blended Rate, $/kGal $9.57

Total Utility Spend $4,840,633

 

 

Electric 

Knoxville Utilities Board provides the City’s facilities with electricity under one of the following rate 
schedules:  General Power Rate (GSA) 1, 2, and 3.  These schedules are included in the Appendix 
following this section.   

 

 

Table 1.1: City Annual Utility Expenditure for Facilities Surveyed 
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Knoxville Utilities Board supplied Ameresco with electric usage and cost data for the baseline period.  
The 24 months which make up the baseline period vary by facility.  The average electrical 
consumption and cost during the 24-month baseline period was 42,743,856 kWh and $2,337,128 
respectively, for an average electrical rate of $0.0547 per kWh.  The average demand and cost during 
the same 24-month baseline period was 106,338 kW and $996,299 respectively, for an average 
demand rate of $9.37 per kW.  The City is not billed for 50 kW and under.  Ameresco included all 
kW in this analysis to accurately show the City’s actual demand each month.  The cost per kW shown 
here may be skewed as a result.  Effective October 2009, the Tennessee Valley Authority (TVA) will 
institute a base rate increase that will affect demand and energy charges.  Ameresco did not consider 
this increase in the current baseline energy savings.   

A detailed analysis of kWh usage and peak demand (kW) was performed during the energy audit.  

Natural Gas 

Knoxville Utility Board provides natural gas to several of the City’s facilities under one of the 
following schedules:  G-4, G-6, or G-7.  A Purchased Gas Adjustment is applied to all therms of 
natural gas.  The commodity charges are not fixed, as they are contingent upon the highly volatile 
nature of the open market.  These schedules can be found in the Appendix immediately following 
this section. 

KUB provided Ameresco with the natural gas consumption and cost data for the baseline period.  
The 24 months which define the baseline period vary by facility.  The average natural gas 
consumption and cost during the 24-month baseline period was 66,934 MMBtu and $841,707 
respectively, for an average natural gas rate of $12.58 per MMBtu.  Ameresco did not include the 
commodity charges when calculating baseline energy savings. 

Water/Sewer 

Knoxville Utilities Board provides water and wastewater services to the City.  KUB supplied 
Ameresco with consumption and cost data for the baseline period.  The 24 months which define the 
baseline period vary by facility.  The average water consumption and cost during the 24-month 
baseline period was 124,292 kGal and $284,501, respectively.  The average wastewater consumption 
and cost during the same 24-month baseline period was 52,292 kGal and $380,997, respectively.  
These numbers calculate a combined water and wastewater rate of $9.57 per kGal.  The City is billed 
for a minimum of 2 ccf (1.5 kgal), even when the actual usage falls below 2 ccf.  Ameresco included 
all ccf and costs, which may skew the cost per kgal shown above.  In January 2010, the water and 
watewater rates will increase by approximately 12%.  Ameresco did not consider this increase in the 
current baseline energy savings.   
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Energy Use Intensity 

Ameresco analyzed the “energy use intensity” for each site visited and selected 11 buildings for the 
graph below.  These 11 buildings consume the most energy and thus constitute the majority of the 
City’s utility expenditures.  These buildings will generate most of the savings for this audit as they will 
be impacted greatly by the proposed ECMs.  Energy use intensity, or EUI, is a measure of a facility’s 
annual energy consumption. It is a number that puts electricity and fossil fuel consumption into a 
common energy unit for comparison purposes. The units for EUI are typically expressed as MBTU, 
or thousand British Thermal Units per square foot per year. Calculating a facility’s EUI will allow the 
facility to be compared, or benchmarked against similar facilities in the same climate region of the 
United States. The following details this analysis. 

The chart below shows the “energy usage intensity” for each site visited. 

 

Energy Use Intensity (EUI) - Existing Usage
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Table 1.10: Energy Use Intensity 
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Table 1.11 summarizes EUIs for Climate Zone 4, which includes the entire state of Tennessee. 

Building Type 
Annual Energy Use, 

MBTU/sf/yr 
Education 66 
Food Service 232 
Health care (inpatient) 227 
Health care (outpatient) 74 
Lodging 115 
Office 72 
Public assembly 72 
Religious worship 38 
Restaurant 134 
Retail 68 
Warehouse (non-refrig) 36 
Warehouse (refrigerated) 96 
Reference: USEPA 430-B-97-040, "Putting Energy into Profits, 
Energy Star Small Business Guide", Dec.  1997 (Updated Spring 
2000) 

 

Based on the surveys of the City’s facilities, the utility information provided, and the EUI analysis, 
Ameresco believes there is a significant opportunity for energy savings for the City of Knoxville. 

Detailed Audit Results 
Ameresco is focused on providing flexible solutions to our customers, because no “pre-defined 
solution” is right for everyone.  Ameresco is truly independent – we have no commercial or utility 
alliances, thereby allowing the best product for each specific application to be considered.  Our role 
will be to work with the City of Knoxville as a partner to improve effective energy use.  Ameresco is 
focused on providing the best energy efficient solution on both sides of the meter, and our 
independent status allows for the best resolution to be provided to our customers. 

Ameresco evaluated a number of specific opportunities for potential inclusion in a comprehensive 
performance contract at each of the facilities under this contract.  Through a review of information 
provided by the City and information gathered during site visits, Ameresco has developed an energy 
reduction plan for the City of Knoxville. 

The utility reduction plan is developed based on analysis of the utility rates, existing equipment, 
operating schedules, thermostat settings and fuels currently used by the City of Knoxville.   

Table 1.11: EUI Climate Zone 4 Information 
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Measurement and Verification Plan 
Measurement and Verification (M&V) involves two very essential components: (1) verifying the 
ability of the project to generate all the projected and/or guaranteed savings; and (2) measuring 
actual, periodic performance of the project against the established baseline(s).  These baselines are 
developed from a rigorously derived end-use analysis and historical energy consumption data. 

There are a variety of ways to accomplish the two primary M&V tasks, but a critical prerequisite is 
the establishment of the aforementioned baseline(s).  Techniques range from stipulating all factors 
affecting energy conservation measure (ECM) performance to installing extensive, highly accurate 
metering systems.  When deciding the appropriate level of sophistication for a particular plan, factors 
such as complexity of the measure, expected magnitude of savings from the measure, and the 
customer’s aversion to risk all weigh upon the decision.  In an effort to aid customers in gaining an 
understanding of measurement and verification, an international guideline was established. 

Ameresco bases all of its site-specific measurement and verification plans on the International 
Performance Measurement and Verification Protocol (IPMVP).  The general approach to 
determining energy savings in these plans involves comparing the energy use associated with a 
facility, or certain energy consuming systems within a facility, before installation of the ECM 
(baseline) and after installation of the ECM (post-installation).  In general: 

( ) ( )UseEnergyonInstallatiPostUseEnergyBaselineSavingsEnergy −=  

The specific algorithms vary from measure to measure but they can all be broken down into usage 
before and after installation of the energy savings measure.  Sometimes the baseline usage is fixed, 
while in other cases the baseline is calculated based on the post-installation usage; it depends on the 
specific plan used to verify the performance of the measure. 

All specific protocols must be explained to, and accepted by the City of Knoxville before project 
construction can begin.  If the City does not feel completely comfortable with the process used to 
verify the savings, there is potential for significant disagreement once verification efforts begin.  All 
M&V efforts included in our plans will be performed by Ameresco.  We do not rely on the site to 
gather information for us in order to verify the savings.   

Reporting 
Reporting is an essential part of any M&V plan because it substantiates the project’s performance in 
achieving expected energy savings.  Ameresco utilizes internally created spreadsheets, which provide 
the flexibility to present the required data to the City in exactly the format requested.  Although the 
guarantee reconciliation is typically performed annually, Ameresco analyzes project performance at 
least monthly and is able to provide reports at almost any interval the City may request. 
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Calculation Methodology 

Individual ECM Performance 
The International Performance Measurement and Verification Protocol (IPMVP) describes four 
“options” for approaching measurement and verification for energy savings projects.  Each one is 
applicable to different risk sharing scenarios, different project values, and different types of contracts.  
What follows is a brief description of each of the four options: 

Option A is designed for retrofits where end-use “efficiency” or power draw can be 
measured or stipulated using manufacturers’ performance specifications or one-time 
measurements. Estimated or stipulated energy consumption is calculated by multiplying 
manufacturers’ information or measured variable times the stipulated hours of operation for 
each period of operation.  Some of the best applications for this option are individual loads 
or systems within a building, where energy usage can be broken down to one or two 
primary, straightforward parameters.  As part of the contract, both parties must agree up 
front that the mainly stipulated parameters are reasonable, realistic and accurate, and may 
only be changed by a mutually agreed upon modification to the contract. 

Option B involves procedures for verifying the same items as in Option A, and also for 
determining energy savings by the use of variable metering.  Post-installation measurement 
of one or more parameters is an essential part of this second IPMVP option.  Periodic or 
long-term measurement takes into account operating variations and may improve the 
accuracy when compared to a similar project verified under Option A.  Whenever the annual 
project savings stream can justify and support it, Ameresco favors Option B over Option A.  
It permits measurements to be taken throughout the performance period, allowing 
verification not just of overall project performance, but also for the performance of each 
individual measure to be quantified and reported. 

Option C involves procedures for verifying the same items as in Option A, plus determining 
energy savings during the contract term through the use of whole-building metering data.  
Option C focuses on whole-facility or main-meter verification techniques that provide 
project performance based on a comparison of either utility information or some type of 
overall energy measurement.  It usually involves continuous measurement throughout the 
term of the project, but it is done on an overall level.  One of the most significant downfalls 
to this verification option is the requirement to monitor every change being performed at the 
facility.  If new equipment is added, even when outside of the system that was modified as 
part of the performance contract, overall energy consumption may be significantly affected.  
When the majority of the systems are being affected by a performance contract and 
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individual measure performance is not a concern, this option may have significant 
advantages such as minimal cost to implement. 

Option D involves procedures for verifying the same items as in Option A, and determining 
energy savings during the performance period using calibrated building simulation tools.  
Option D is intended for energy conservation retrofits where calibrated simulations of the 
baseline energy use and/or calibrated simulations of the post-installation energy 
consumption are used to measure project savings. Option D may involve measurements of 
energy use before and after the retrofit for specific equipment or energy end-use, as required 
for proper calibration of the simulation program.  Periodic inspections of the equipment 
may also be warranted.  Energy consumption is calculated by developing calibrated, hourly 
simulation models of whole-building energy use, or equipment sub-systems.  This is done in 
both the baseline mode and in the post-installation mode.  Comparisons can then be made 
for the (simulated) differences for an “average” weather year, or for weather and operating 
conditions that correspond to a specific year during either the baseline or post-installation 
period. Accurate modeling and calibration is the major challenge associated with Option D. 

ECM 
Number ECM Title 

M&V 
Approach 

1 Lighting  A 

2 Lighting Controls A 

3 EMS Upgrade & Expansion D 

4 Domestic Water Conservation A 

5 Irrigation System Upgrade A 

6 HVAC Equipment Upgrade D 

7 HVAC VFD Upgrades D 

8 Hydronic VFD Upgrades D 

9 Boiler Installation D 

10 Convert Electric Hot Water to Gas A 

11 Building Envelope Improvements A 

12 Pool Upgrades D 

13 Vending Machine Controls A 

14 Transformer Replacements A 
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15 PC Power Network Management A 

16 Solar Hot Water A 

17 Solar PV A 

Approach to Long-Term Verification and 
System Integrity 

Long-term performance is something Ameresco understands to be of critical importance.  If a 
system is unable to consistently provide the guaranteed energy savings throughout the full term of 
the project, there may be a savings shortfall to be dealt with at the annual (true-up) reconciliation.  
Therefore, at a minimum, Ameresco will conduct walk-through evaluations and visual inspections of 
all the installed measures, as well as interviewing operational personnel as a part of all annual 
reconciliation reports.  Any discrepancies noted will be addressed in the reconciliation submittal. 

While annual verifications of project operations may be satisfactory in some instances, it is extremely 
rare that the systems are not verified much more frequently.  Ameresco is at risk for the savings, and 
like the City of Knoxville, must be assured that the guaranteed level of savings will consistently be 
achieved.  For certain items, performance may be checked monthly, others may be checked weekly, 
while some may even be checked daily; it all depends on the sensitivity of the measure’s performance 
variables. 

Dollar Savings Calculations  

To determine the dollar savings associated with each ECM, Ameresco will first obtain the current 
utility rate schedules for each building.  These rate schedules will include electric, gas, water, and 
sewer.  Billing histories will also be collected for each utility.  At a minimum, Ameresco will request 
each building’s most recent 12 months of utility bills.  Optimally, we would like the most recent 36 
months of utility bills. 

After the energy savings associated with each ECM have been calculated, the applicable rate schedule 
will be used to determine the energy cost savings.  As a simplified example, suppose one of the City 
of Knoxville’s buildings has the following electric rate schedule currently in effect: 

Energy Charge   $0.10 per kWh 

Demand Charge   $10.00 per kW 

Also suppose that ECM-1.1, Fluorescent T8 Lighting, for this building results in annual energy 
savings of 100,000 kWh and monthly electric demand savings of 100 kW.  The energy cost savings 
will be calculated as follows, assuming the project reduces demand during the billing demand period: 
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• Annual Energy Cost Savings = 100,000 kWh/yr X $0.10/kWh = $10,000/yr 

• Annual Demand Cost Savings = (100 kW/mo X 12 mo/yr X $10.00/kW) = $12,000/yr 

• Annual Cost Savings = Annual Energy Cost Savings + Annual Demand Cost Savings = 
$22,000/yr 

Similarly, annual dollar savings associated with gas, water, and sewer savings will be calculated based 
on their current, applicable rate schedule. 

Cost Savings Guarantee Calculations 

As an integral part of its contract with the City of Knoxville, Ameresco will guarantee a minimum 
level of energy cost savings to the City over the full term of the contract.  Our guarantee ensures the 
City that the total costs of the project will be recovered within the project term. 

As part of the ongoing measurement and verification efforts, actual project savings are compared to 
guaranteed savings on a regular basis, and included in a formal reconciliation report annually.   

Actual annual energy cost savings that exceed our guarantee will be retained by the City and will not 
be allocated to shortfalls in other years.  At any time during the contract term, should there be a 
shortfall in energy cost savings; Ameresco will make a payment to the City in the amount of the 
shortfall.  Payments can be in the form of a check or a credit against future billings from Ameresco, 
at the City of Knoxville’s option. 

Operational Cost Savings 

In addition to the energy savings, the Ameresco team will also evaluate other savings, such as avoided 
capital and maintenance savings.  Ameresco will collect all pertinent information regarding the 
estimation and calculation of the maintenance and avoided capital savings. 

Ameresco will also obtain the results for analysis of other systems (water, envelope, weatherization, 
laundry, kitchen, etc.) that may potentially be performed by specialty companies under Ameresco’s 
direction and management.  Such analysis will be thoroughly reviewed by Ameresco and included in 
the overall savings for the proposed projects. 

Total savings by buildings and facility will be reviewed and compared to the total utility bill baseline 
data to make sure savings are in line with current utility costs.  A similar baseline approach as that 
described above will be developed for operational and maintenance (O&M) costs at the facility.  A 
specific verification approach will be developed for any savings expected from these O&M costs, and 
they will only be included in the overall financial model if first agreed upon and approved by the City 
of Knoxville. 
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Staff Responsibility 

Approach to Defining Operating Variables and 
Operational Responsibilities 

When selecting the specific methods to be used in the measurement and verification plan, variables 
that drive energy usage must first be identified.  These specific energy use drivers are identified 
through engineering analysis and calibrated computer modeling.  Sensitivity analysis is performed on 
variables to assign weighting criteria to each; this allows the magnitude of the impact resulting from 
each to be approximately quantified.  With this information, the appropriate IPMVP method is 
selected. 

Operational responsibility will be shared between Ameresco and the City.  Required involvement of 
school personnel can be minimal for this (it can be simply receiving reports if they so choose), but 
they are encouraged to become involved to whatever extent they wish.  The intent of the ultimately 
proposed M&V plan will not be to burden the City of Knoxville with additional responsibility; 
instead it will be to ensure comfort with and confidence in the performance verification techniques.  
If the City is in fact satisfied with Ameresco’s proposed approach to verification, then additional 
demands placed upon resources can be limited to requesting utility information (if not directly 
available from the utility) and the review of periodic performance verification submittals. 
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ECM Summary 
The recommended ECMs are presented in Section 4 of this document, complete with existing and 
proposed descriptions for each measure.   

ECM No ECM Description
ECM Installation 

Cost
Annual ECM 

Energy Savings ROI (yrs)
1 Lighting 6,424,551$              548,580$                 11.7
2 Lighting Controls 501,381$                 24,808$                   20.2
3 EMS Upgrades and Exp 2,566,935$              205,053$                 12.5
4 Domestic Water Conservartion 410,614$                 44,625$                   9.2
5 Irrigation Sytem Upgrades 733,613$                 90,038$                   8.1
6 HVAC Equipment Upgrades 361,050$                 18,729$                   19.3
7 HVAC VFD Upgrades 514,039$                 47,646$                   10.8
8 Hydronic VFD Upgrades 199,646$                 20,129$                   9.9
9 Boiler Installation 816,123$                 37,666$                   21.7
10 Electric Hot Water to gas 73,818$                   3,198$                     23.1
11 Building Envelope 122,705$                 7,210$                     17.0
12 Pool Upgrades 242,314$                 30,878$                   7.8
13 Vending Machine 21,027$                   5,110$                     4.1
14 High Efficiency Transformers 301,335$                 9,278$                     32.5
15 PC Power Network Mgmt. 99,897$                   5,109$                     19.6
16 Solar Hot Water 82,597$                   1,777$                     46.5
17 Solar PV 337,685$                5,208$                    64.8

Total 13,809,331$            1,105,042$              12.5
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Electric 

Brief descriptions of the rate schedules are shown below along with a list of buildings that are billed 
according to those schedules.  More detailed information and current charges can be found in the 
following pages.  These rates were in effect at the time the baseline was generated (May 2009), and 
may have changed. 

Schedule GSA-3 – This schedule is available to customers whose contract demand or highest billing 
demand during the last 12 months is greater than 1,000 kW.  Demand is determined as the highest 
average kilowatt load measured during any 30-minute interval during the month.  Demand charges 
under this schedule are tiered, with an additional charge per kW if the billing demand exceeds the 
higher of either 2,500 kW or the customer’s contract demand.  All kWh are subject to a Purchased 
Power Adjustment Factor that changes quarterly.   

 

Customer Charge $100.00 per delivery point 
per month

$12.62 per kW for first 
1,000 kW

$14.51 per kW in excess 
of 1,000 kW

$14.51 per kW if in excess 
of 2,500 kW

Energy Charge $0.05306 per kWh

Demand Charge

Schedule GSA-3

• City County Building 

• Knoxville Convention Center 

• Civic Auditorium Coliseum 

 

Schedule GSA-2 – This schedule is available to customers whose contract demand or highest billing 
demand during the last 12 months is greater than 50 kW but not more than 1,000 kW, or whose 
billing demand is less than 50 kW and monthly energy usage is 15,000 kWh or greater.  Energy 
charges under this schedule are tiered.  Demand is determined as the highest average kilowatt load 
measured during any 30-minute interval during the month.  Customers under this schedule are not 
charged for demand of 50 kW or less.  All kWh are subject to a Purchased Power Adjustment factor 
that changes quarterly.   
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Customer Charge $15.00 per delivery point per 
month

Demand Charge $13.03 per kW in excess of 50 
kW

$0.09538 per kWh for first 
15,000 kWh

$0.05237 per kWh in excess of 
15,000 kWh

Schedule GSA-2

Energy Charge

• Civic Auditorium Coliseum 

• Safety Building 

• State Street Garage Storage 

• Jacob Building 

• South Knoxville Community 
Center 

• John T. O’Connor Senior Center 

• Fire Department Headquarters 

• Ev Davidson Recreation Center 

• Traffic Engineering Complex 

• Kerr Building 

• Public Service Department 
Facility 

• Ijams Nature Center 

• Maintenance Garage 

• Deane Hill Recreation Center 

• Cal Johnson Recreation Center 

• Adaptive Recreation Center 

• World’s Fair Park Sunsphere 

• Cumberland Estates Recreation 
Center 

• Cecil Webb Recreation Center 

• Milton Roberts Recreation 
Center 

• Fire Station #18 

• Fire Station #3 

• Ridely Helton 

• Safety City Offices 

• Oakland Recreation Center 

• Inskip Recreation Center 

• Larry Cox Senior Center 

• Fountain City Recreation Center 

• Phil E. Keith Training Center 

• Pension Board 

• World’s Fair Park Security 
Building 

• Tyson Park Clubhouse 

• State Street Garage 

• Market Square Garage 

• Locust Street Garage 

• Worlds Fair Park 

• Caswell Park 

• Volunteer Landing 

• CAC LT Ross 

• Bearden Middle School Fields 

• Hecht Pavilion Field 

• Rock City Field 

• TVA Pavilion & Ball Field 

 

 



 

Detailed Energy Audit  “Page content is subject to Confidentiality Restrictions” 
City of Knoxville  Section 3: Additional Rate Schedule Information 
September 28, 2009  Page 3 

 

Schedule GSA-1 – This schedule is available to customers who use 15,000 kilowatt-hours (kWh) or 
less per month, and whose contract demand or highest billing demand during the last 12 months 
does not exceed 50 kilowatts (kW).  Demand is determined as the highest average kilowatt load 
measured during any 30-minute interval during the month.  Customers under this schedule are not 
charged for demand of 50 kW or less.  All kWh are subject to a Purchased Power Adjustment factor 
that changes quarterly.   

 

Customer Charge $8.80 per delivery point 
per month

Energy Charge $0.09591 per kWh

Schedule GSA-1

• Jacob Building 

• John T. O’Connor Senior Center 

• Traffic Engineering Complex 

• Public Service Department 
Facility 

• Ijams Nature Center 

• Christenberry Family Center 

• Fire Station #9 

• Fire Station #10 

• Milton Roberts Recreation 
Center 

• Public Service Warehouse 

• Fire Station #5 

• Facility Services Building 

• Fire Station #11 

• Fire Department Training Center 

• Fire Station #4 

• Fire Station #20 

• Fire Station #15 

• Richard Leake Recreation Center 

• Fire Station #12 

• K-9 Kennel 

• Fire Station #17 

• Fire Station #14 

• Fire Station #7 

• Truancy Center 

• Fire Station #13 

• Fire Station #16 

• Inskip Recreation Center 

• West Haven Recreation Center 

• Larry Cox Senior Center 

• Fountain City Recreation Center 

• South Knoxville Optimist Club 

• Ed Cothran Pool Buildings 

• Phil E. Keith Training Center 

• Public Service Horticulture 

• Fire Department Arson Bureau 

• Adair Park Community Center 

• Inskip Pool Buildings 

• Fire Station #6 

• Charter Doyle Park House 

• Lyons View Recreation Center 

• City Employees Health Center 

• Fire Annex Building #2 

• KFD Alarm Building 

• Fairview Recreation Center 

• Happy Homes Recreation Center 

• Fleet Fuel Pumps RR and Office 
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• Fire Annex Building #1 

• Ashley Nicole Playground  

• Worlds Fair Park 

• Wee Golf Course 

• Knox Municipal Golf Course 

• Whittle Springs Golf Course 

• Lyons View School 

• Volunteer Landing 

• Lonsdale Library and Daycare 

• Old KFD Station #19 

• Alice Bell Park 

• Badgett Field 

• Chilhowee Park Maintenance 
Buildings 

• Chilhowee Park 

• Christenberry Ball Fields 

• Claude Walker Park 

• Danny Mayfield Park 

• Holston-Chilhowee Park 

• Holston River Park 

• Maynard Glenn Park 

• Sam Duff Park 

• Sequoyah Hills Ball Field 

• Skyline Park 

• South Doyle Middle School 
Fields 

• TVA Pavilion & Ball Field 

• Tyson Park 

• Victor Ashe Park 

• West Hills Park 

 

Natural Gas 

Brief descriptions of the rate schedules are shown on the following page, with more detailed 
information and current charges in the following pages.  The rates shown were in effect at the time 
the baseline was generated (May 2009), and may have changed. 
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Customer Charge $180.00 per month

Demand Charge $17.00 per Dekatherm of 
Demand

Firm Gas Charge $7.517 per Dekatherm

First 3,000 Dekatherms $6.813 per Dekatherm
Next 17,000 Dekatherms $6.326 per Dekatherm
Next 30,000 Dekatherms $5.750 per Dekatherm

All Over 50,000 Dekatherms $5.644 per Dekatherm

First 3,000 Dekatherms $1.599 per Dekatherm
Next 17,000 Dekatherms $1.112 per Dekatherm
Next 30,000 Dekatherms $0.536 per Dekatherm

All Over 50,000 Dekatherms $0.430 per Dekatherm

Firm Gas $1.387 per Dekatherm
Interruptible Gas $0.988 per Dekatherm

Transportation Charge

Interruptible Gas Charges

Purchased Gas Adjustment

Schedule G-7

• Civic Auditorium Coliseum 
    

Customer Charge $105.00 per month

Demand Charge $1.70 per Therm of 
demand

$0.8370 per Therm for first 
30,000 Therms

$0.7517
per Therm in 

excess of 30,000 
Therms

Purchased Gas Adjustment $0.1387 per Therm

Schedule G-6

Commodity Charge

 
• Knoxville Convention 

Center 

• Public Safety Building 

• South Knoxville Community 
Center 

• Public Service Horticulture 
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Customer Charge $5.30 per month

$1.2032 per Therm for first 
250 Therms

$1.0945
per Therm in 
excess of 250 

Therms

Purchased Gas Adjustment $0.1387 per Therm

Schedule G-4

Commodity Charge

• City County Building 

• Jacob Building 

• John T. O’Connor Senior Center 

• Fire Department Headquarters 

• Ev Davidson Recreation Center 

• Traffic Engineering Complex 

• Kerr Building 

• Public Service Department 
Facility 

• Christenberry Family Center 

• Maintenance Garage 

• Deane Hill Recreation Center 

• Fire Station #9 

• Cal Johnson Recreation Center 

• Adaptive Recreation Center 

• Fire Station #10 

• Cecil Webb Recreation Center 

• Milton Roberts Recreation 
Center 

• Public Service Warehouse 

• Fire Station #18 

• Fire Station #5 

• Facility Services Building 

• Fire Station #11 

• Fire Station #3 

• Ridely Helton 

• Safety City Offices 

• Fire Department Training Center 

• Fire Station #21 

• Fire Station #4 

• Fire Station #20 

• Fire Station #15 

• Fire Station #12 

• K-9 Kennel 

• Fire Station #17 

• Fire Station #14 

• Fire Station #7 

• Truancy Center 

• Fire Station #13 

• Fire Station #16 

• South Knoxville Optimist Club 

• Fire Department Arson Bureau 

• Fire Station #6 

• City Employees Health Center 

• Pension Board 

• KFD Alarm Building 

• Fairview Recreation Center 

• Fire Annex Building #1 

• Whittle Springs Golf Course 

• Lyons View School 

• Volunteer Landing 

• Lonsdale Library and Daycare 
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• Old KFD Station #19 • CAC LT Ross 

Water & Wastewater 

The water and wastewater rates shown below were in effect at the time Ameresco began generating 
the baseline (February 2009), and have not changed.  The rates will increase by approximately 12% in 
January, 2010.   

 
Consumption Water Cost Wastewater Cost

0-2 CCF $7.45 $15.45
Next 8 CCF $2.30 $7.47
Next 90 CCF $2.64 $6.64

Next 300 CCF $1.90 $5.69
Next 4,600 CCF $1.38 $4.73
Over 5,000 CCF $0.91 $3.92

 

 

 

 



 
Knoxville Utilities Board 

Electric Division 
 
 

GENERAL POWER RATE - SCHEDULE GSA 
 
 

Availability 
 
 This rate shall apply to the firm power requirements (where a customer’s contract 
demand is 5,000 kW or less) for electric service to commercial, industrial, and 
governmental customers, and institutional customers including without limitation, churches, 
clubs, fraternities, orphanages, nursing homes, rooming or boarding houses, and like 
customers. This rate shall also apply to customers to whom service is not available under 
any other resale rate schedule. 
 
 

Character of Service 
 
 Alternating current, single or three-phase, 60 hertz. Power shall be delivered at a 
service voltage available in the vicinity or agreed to by KUB. 
 

 
Base Charges 

 
1. If (a) the higher of (i) the customer’s currently effective contract demand, if any, or (ii) 

its highest billing demand during the latest 12-month period is not more than 50 kW, 
and (b) customer’s monthly energy takings for any month during such period do not 
exceed 15,000 kWh: 

 
 Customer Charge: $8.80 per delivery point per month. 
 
 Energy Charge: 9.591¢ per kWh 
 
 

2. If (a) the higher of (i) the customer’s currently effective contract demand or (ii) its 
highest billing demand during the latest 12-month period is greater than 50 kW but not 
more than 1,000 kW, or (b) if the customer’s billing demand is less than 50 kW and its 
energy takings for any month during such period exceed 15,000 kWh: 

 
Customer Charge:  $15.00 per delivery point per month. 

 
Demand Charge:  First 50 kW of billing demand per month, no demand charge. 
      Excess over 50 kW of billing demand per month, at $13.03 per kW. 
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Energy Charge:  First 15,000 kWh per month at 9.538¢ per kWh 
      Additional kWh per month at 5.237¢ per kWh 

 
 

3. If (a) the higher of the customer’s currently effective contract demand or (b) its 
highest billing demand during the latest 12-month period is greater than 1,000 kW: 

 
Customer Charge:  $100.00 per delivery point per month. 
 
Demand Charge: First 1,000 kW of billing demand per month, at $12.62 per kW. 

Excess over 1,000 kW of billing demand per month, at $14.51 
per kW, plus an additional 

  
$14.51 per kW per month for each kW, if any, of the amount by 
which the customer’s billing demand exceeds the higher of 2,500 
kW or its contract demand. 

 
Energy Charge: 5.306¢ per kWh per month 
 

 
Adjustment 

 
 Charges under this rate schedule may be increased or decreased to reflect changes 
in purchased power costs as determined by any purchased power adjustment adopted 
by the Board.   
 
 

Determination of Demand 
 
 KUB shall meter the demands in kW of all customers having loads in excess of 50 kW. 
The metered demand for any month shall be the highest average during any 30-
consecutive-minute period of the month of the load metered in kW. The measured demand 
for any month shall be the higher of the highest average during any 30-consecutive-minute 
period of the month of (a) the load metered in kW or (b) 85 percent of the load in kVA plus 
an additional 10 percent for that part of the load over 5,000 kVA, and such measured 
demand shall be used as the billing demand, except that the billing demand for any month 
shall in no case be less than 30 percent of the higher of the currently effective contract 
demand or the highest billing demand established during the preceding 12 months. 
 
 

Minimum Bill 
 
 The monthly bill under this rate schedule shall not be less than the sum of (a) the base 
customer charge, (b) the base demand charge, as adjusted, applied to the customer’s 
billing demand, and (c) the base energy charge, as adjusted, applied to the customer’s 
energy takings; provided, however, that, under (2.) of the Base Charges, the monthly bill 
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shall in no event be less than the sum (a) the base customer charge and (b) 20 percent of 
the portion of the base demand charge, as adjusted, applicable to the second block (excess 
over 50kW) of billing demand, multiplied by the higher of the customer’s currently effective 
contract demand or its highest billing demand established during the preceding 12 months. 
 
 KUB may require minimum bills higher than those stated above. 
 
 

Seasonal Service 
 
 Customers who contract for service on a seasonal basis shall be limited to 2,500 kW 
and shall pay the above charges, as adjusted, plus an additional seasonal use charge 
equal to (1) 1.33 cents per kWh per month under (1.) of the Base Charges, (2) the sum of 
1.33 cents per kWh for the first 15,000 kWh per month and $4.00 per kW per month of 
billing demand in excess of 50 kW under (2.) of the Base Charges, and (3) $4.00 per kW 
per month of billing demand under (3.) of the Base Charges.  Consistent with KUB’s 
standard policy, the customer may arrange for seasonal testing of equipment during off-
peak hours. 
 
 For such customers, the minimum bill provided for above shall not apply. KUB may 
require additional charges to provide recovery of costs for customer-specific distribution 
facilities. 
 
 

Contract Requirements 
 
 KUB may require contracts for service provided under this rate schedule. Customers 
whose demand requirements exceed 50 kW shall be required to execute contracts and 
such contracts shall be for an initial term of at least one year. The customer shall contract 
for its maximum requirements, which shall not exceed the amount of power capable of 
being used by customer, and KUB shall not be obligated to supply power in greater amount 
at any time than the customer’s currently effective contract demand. If the customer uses 
any power other than that supplied by KUB under this rate schedule, the contract may 
include other special provisions. The rate schedule in any power contract shall be subject to 
adjustment, modification, change, or replacement from time to time as approved by the 
Board. 
 
 

Single – Point Delivery 
 
 The charges under this rate schedule are based upon the supply of service through a 
single delivery and metering point, and at a single voltage. If service is supplied to the same 
customer through more than one point of delivery or at different voltages, the supply of 
service at each delivery and metering point at each different voltage shall be separately 
metered and billed. 
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Payment 
 
 Bills under this rate schedule will be rendered monthly. Above rates and charges are 
net. In the event any bill is not paid within 15 days from date of bill, or on or before such 
other discount date as shall be agreed upon by KUB pursuant to KUB’s Rules and 
Regulations, there shall be added to the bill an amount equal to 5 percent of the first 
$250.00 of the bill plus one and one-half percent on any portion of the bill exceeding 
$250.00. To any amount remaining unpaid 30 days after the date of the bill, there shall be 
added a charge of one and one-half percent, and an additional one and one-half percent 
shall be added at the end of each successive 30 day period until the amount is paid in full. 

 
 

Rules and Regulations 
 
 Service is subject to Rules and Regulations of KUB. 
 
 
 
Resolution No. 1082. . . . . . . . . . . effective for meters read on or after October 2, 2003 
 
Purchased Power Adjustment 2 . . . . . . . . . . . . . . . . . . . . . . . . . effective October 2005 
  
Purchased Power Adjustment 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . effective April 2006 
 
Purchased Power Adjustment 4……………………………………effective October 2006 
 
Purchased Power Adjustment 5…………………………………..  effective January 2007 
 
Purchased Power Adjustment 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . .effective April 2007 
 
Purchased Power Adjustment 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . effective July 2007 
 
Purchased Power Adjustment 8…………………………………….effective October 2007 
 
Purchased Power Adjustment 9……………………………………effective January 2008 
 
Purchased Power Adjustment 10………………………………………effective April 2008 
 
Purchased Power Adjustment 11……………………………………..  effective July 2008 
 
Purchased Power Adjustment 12…………………………………..effective October 2008 
 
Purchased Power Adjustment 13…………………………………..effective January 2009 
 
Purchased Power Adjustment 14………………………………………effective April 2009 
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Knoxville Utilities Board 

Gas Division 
 

 
RATE SCHEDULE G-7 

 
INTERRUPTIBLE LARGE COMMERCIAL AND INDUSTRIAL SERVICE 

 
 

Definitions 
 

“Contract Amount” means the maximum amount of Firm Gas and Interruptible Gas a 
Customer may purchase from KUB on any Day as established by a written contract 
between KUB and the Customer. 
 

“Customer” means a person or entity contracting with or otherwise receiving service 
from KUB for interruptible gas service under Rate Schedule G-7. 
 

“Day” means a period of twenty-four (24) consecutive hours, beginning and ending 
at 10:00 A.M. prevailing Knoxville time or such other period as may be established by 
the applicable connecting pipeline(s) to KUB’s system. 
 
 “Delivery” means the delivery of Transport Gas or Supplemental Gas to KUB. 
 
 “Firm Gas” means that gas not subject to interruption or curtailment except for 
emergency or other causes as provided in KUB's Rules and Regulations. 
 
 “Interruptible Gas” means that gas which is subject to interruption or curtailment by 
KUB at any time and to the extent that KUB, in its sole discretion, deems desirable. 
 

“Notice of Interruption” means the notice given by KUB to a Customer that a Period 
of Interruption has commenced or will commence. 
 

“Period of Interruption” means any period of time during which KUB shall interrupt or 
curtail the delivery of gas to the Customer. 
 

“Redelivery” means the delivery of Transport Gas or Supplemental Gas to the 
Customer by KUB. 
 
 “Supplemental Gas” means gas procured by KUB for the account of a Customer for 
Delivery to KUB and Redelivery to the Customer. 
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“Transport Gas” means gas purchased by a Customer from a supplier other than 
KUB that the Customer has arranged to have Delivered to KUB for Redelivery to the 
Customer. 
 

“Unauthorized Gas” means the quantity of gas (a) taken by Customer exceeding the 
Contract Amount, or (b) taken by Customer exceeding that permitted during a Period of 
Interruption. 
 
 

Availability 
 

Service under Rate Schedule G-7 is available to any customer who meets the 
following conditions: 
 

(a)  Customer’s annual Interruptible Gas use, on an actual or projected basis, shall 
not be less than 25,000 dekatherms (one dekatherm is equivalent to ten therms); 
 

(b)  Customer shall be permitted to purchase only one (1) dekatherm of Firm Gas 
under Rate Schedule G-7 for each two (2) dekatherms of Interruptible Gas which are 
purchased; 
 

(c)  Customer must have standby equipment of sufficient capacity capable of 
providing Customer's normal gas service requirements for a period of five (5) working 
days without replenishment when Interruptible Gas is completely interrupted.  Customer 
shall maintain such equipment ready for operation at any time and shall utilize a fuel 
other than gas furnished by KUB and shall be subject to periodic inspections by KUB to 
ensure compliance with this provision; and 
 

(d)  KUB must determine that its existing distribution system facilities are adequate 
and available for the requested service. 
 

In the event Customer shall fail at any time to continue to meet the conditions (a) 
through (c), service under Rate Schedule G-7 shall no longer be available; but at KUB's 
option, gas service may be provided to the Customer under Rate Schedule G-6. 
 

Notwithstanding the foregoing, any Customer receiving service under Rate Schedule 
G-7 immediately prior to September 1, 1992 may continue to receive service under Rate 
Schedule G-7 without fulfilling each of the above stated conditions until such time as 
service to Customer is terminated or Customer begins receiving gas service under a 
different rate schedule.  Such Customer shall continue to comply with any conditions in 
effect prior to September 1, 1992. 
 
 
 Character of Service 
 

Interruptible Gas shall be available only to the extent that KUB has gas available that 
is not required by firm customers.  If a Customer is served by gas purchased on an 
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interruptible rate from KUB's suppliers, all conditions imposed by KUB's suppliers on the 
use of such Interruptible Gas shall likewise apply to such Customer as if KUB imposed 
the condition on the Customer. 
 
 

Transportation Service 
 

During any Period of Interruption, Customer may request Transportation Service 
from KUB whereby Customer may either (i) purchase Transport Gas and arrange to 
Deliver such Transport Gas to KUB via any connected interstate natural gas pipeline to 
one or more of KUB’s designated delivery points for Redelivery to the Customer or (ii) 
solicit the service of KUB in procuring Supplemental Gas for Customer whereby upon 
agreeing to provide such service, KUB will attempt to: (a) procure Supplemental Gas on 
the open market for the account of Customer; (b) arrange for such Supplemental Gas to 
be transported at Customer’s cost via connecting interstate natural gas pipelines to one 
or more of KUB’s designated delivery points, and (c) Redeliver such Supplemental Gas 
to Customer. 
 

Redeliveries by KUB to Customer are subject to interruption when, in the sole 
discretion of KUB, conditions warrant a suspension of Transportation Service. 

 
Prior to the commencement of a Period of Interruption or within a reasonable period 

of time subsequent to the commencement of a Period of Interruption, as determined by 
KUB in its sole discretion, Customer must: (a) notify KUB of its intent to receive 
Transportation Service from KUB and (b) provide KUB with a schedule showing the 
proposed daily volumes to be delivered to KUB and Redelivered to the Customer.  KUB 
shall notify Customer of those volumes KUB has approved on a daily basis for Delivery 
to KUB and Redelivery to Customer (Approved Daily Volumes) prior to the Delivery of 
any gas to KUB.  KUB reserves the right to adjust the Approved Daily Volumes as 
conditions warrant.  KUB shall notify Customer promptly of any adjustment in the 
Approved Daily Volumes. 
 

KUB shall not be obligated to Redeliver any volumes of gas to Customer: (a) in 
excess of the Customer’s Approved Daily Volumes and (b) in the case of Transport 
Gas, for which KUB has not received a confirmation of receipt from the applicable 
connecting pipeline on any given Day. 
 

Transportation Service under this Rate Schedule shall be subject to the following 
charges, as applicable: (a) the Commodity Charge, as set forth in the Rate Schedule, 
for Redeliveries of Supplemental Gas to Customer, and (b) the Transportation Charge, 
as set forth in this Rate Schedule, for Redeliveries to Customer. 
 

Upon conclusion of Customer’s Period of Interruption, if total previous Deliveries of 
Transport Gas or Supplemental Gas to KUB exceeds total Redeliveries of Transport 
Gas or Supplemental Gas to Customer by KUB, as applicable, the excess will be 
treated as the first gas (excluding Firm Gas) through Customer’s meter following 
Customer’s Period of Interruption. 
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Gas purchased or transported under Rate Schedule G-7 shall be used only by the 
Customer at its facilities and shall be delivered at a single point of delivery located within 
the service area of KUB and shall not be resold by the Customer. 
 

Quantities of Gas Delivered 
 

For the purpose of allocating the daily volume of gas delivered to a Customer under 
this rate schedule, the first gas delivered shall be considered Firm Gas up to the daily 
quantity contracted for as Firm Gas, the next gas delivered shall be the Approved Daily 
Volumes of Transport Gas or Supplemental Gas for that Day, as applicable, and all 
additional gas delivered shall be considered Interruptible Gas except during a Period of 
Interruption, then all additional gas delivered shall be considered Unauthorized Gas. 
 
 
 Net Rates 
 

Customer Charge:   $180.00. 
 

Demand Charge:   $17.00 per dekatherm of demand. 
 
 
Commodity Charge: 

 
For Firm Gas:  $7.517 per dekatherm. 
 
For Interruptible Gas: $6.813 for the first 3,000 dekatherms; plus 

$6.326 for each dekatherm from 3,000 to and 
including 20,000 dekatherms; plus 
$5.750 for each dekatherm from 20,000 to and 
including 50,000 dekatherms; plus 
$5.644 for the excess over 50,000 dekatherms. 

 
For Supplemental Gas: The Commodity Charge for Supplemental Gas 

shall be the total of: (a) the cost per dekatherm 
to KUB for the applicable Day of acquiring 
Supplemental Gas on the open market, subject 
to the approval of the Customer to purchase 
Supplemental Gas at or above such price and 
(b) the costs incurred by KUB in transporting 
such Supplemental Gas via connecting 
pipelines to one or more of KUB’s delivery 
points. 

 
Transportation Charge:  $1.599 per dekatherm for the first 3,000 

dekatherms of gas Redelivered plus 
Unauthorized Gas; plus 
$1.112 per dekatherm for each dekatherm from 
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3,000 to and including 20,000 dekatherms of 
gas Redelivered plus Unauthorized Gas; plus 
$.536 per dekatherm for each dekatherm from 
20,000 to and including 50,000 dekatherms of 
gas Redelivered plus Unauthorized Gas; plus 
$.430 per dekatherm for the excess over 
50,000 dekatherms of gas Redelivered plus 
Unauthorized Gas. 
 

Unauthorized Gas Charge:  $15.00 per dekatherm of Unauthorized Gas as 
a penalty, plus the total of: (a) the cost per 
dekatherm of obtaining such gas on the open 
market as determined by the higher of (1) the 
applicable Gulf Coast Price Index for the 
applicable Day as published in Gas Daily or, if 
Gas Daily is no longer published, in a 
comparable reliable source for natural gas 
prices or (2) the applicable first of the month 
Gulf Coast Price Index as published in INSIDE 
FERC, or if INSIDE FERC is no longer 
published, in a comparable reliable source for 
natural gas prices and (b) the costs incurred by 
KUB in transporting such Unauthorized Gas via 
connecting pipelines to one or more of KUB’s 
delivery points. 

 
In determining the appropriate rate block to bill Transportation Charges for gas 

Redelivered and Unauthorized Gas, the following volumes shall be combined: 
Interruptible Gas, Supplemental Gas, Transport Gas, and Unauthorized Gas. 
 
 

Purchased Gas Adjustment 
 

The Commodity Charge for Firm Gas and Interruptible Gas shall be subject to KUB's 
Purchased Gas Adjustment. 
 
 
  Determination of Demand 
 

Demand shall be the daily quantity of gas contracted for as Firm Gas by the 
Customer.  Customer, with the consent of KUB, may from time to time change the Firm 
Gas portion of the Contract Amount by providing written notice to KUB at least three (3) 
business days prior to the beginning of the monthly billing period for which Customer 
desires the change to be effective; provided, however, that such changes shall not 
effect a reduction in the previously specified Firm Gas portion of the Contract Amount 
unless the previously specified Firm Gas portion of the Contract Amount has been in 
effect for the entire twelve month period immediately preceding the date the requested 
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change is to become effective. 
 
 

Unauthorized Gas Charge 
 

No Customer shall take Unauthorized Gas.  Customer must immediately notify KUB 
if it has taken, or anticipates taking, Unauthorized Gas.  In the event Customer takes 
Unauthorized Gas, Customer shall be charged the Unauthorized Gas Charge for all 
Unauthorized Gas delivered by KUB to Customer.  In addition, KUB may suspend or 
terminate service and/or pursue any other remedy available to it under applicable law.  
The existence of an Unauthorized Gas Charge shall not be construed to give Customer 
the right to take Unauthorized Gas.  The penalty portion of the Unauthorized Gas 
Charge may be waived or reduced by KUB on a non-discriminatory basis.  
 
 

Priority of Service 
 

Interruptible gas service is supplied to customers of KUB under Rate Schedules G-7 
and G-11.  Except as may be otherwise determined by KUB in its sole discretion, 
Periods of Interruption shall generally be imposed on interruptible customers of KUB in 
the following order: 
 
(1)  If the Period of Interruption is necessary due to an emergency or capacity limitation 

on KUB’s gas distribution system, then the interruption of service to all interruptible 
customers of KUB shall be handled on a pro rata or other equitable basis as 
determined by KUB. 

 
(2)  If the capacity limitation affects only a restricted geographic area of KUB’s gas 

distribution system, then only interruptible customers of KUB within the restricted 
area will have their service interrupted.  The interruption of such customers shall 
be handled on a pro rata or other equitable basis as determined by KUB. 

 
(3)  If the Period of Interruption is necessary due to a shortage of KUB’s normal gas 

supply, whether caused by a capacity limitation of KUB’s connecting pipeline(s) or 
by an actual shortage of gas, then: 

 
(a) The first service interrupted shall be Rate Schedule G-7 Customers (other 

than Redeliveries of Supplemental Gas and Transport Gas) who have not 
heretofore been interrupted as provided above. 

 
(b) The second service interrupted shall be Redeliveries of Supplemental Gas to 

Rate Schedule G-7 Customers and deliveries of standby gas by KUB to Rate 
Schedule G-11 customers.  Even though KUB may have acquired 
Supplemental Gas for the account of a Customer under Rate Schedule G-7 or 
standby gas for the account of a customer under Rate Schedule G-11, these 
services may be interrupted to the extent necessary to provide service to 
KUB’s Firm Gas customers. 
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Within each category, the interruption of such customers shall be handled on a pro 

rata or other equitable basis as determined by KUB. 
 

Insofar as Transport Gas has been Delivered to KUB for any customer receiving 
service under Rate Schedule G-7 or Rate Schedule G-11, and insofar as the Period of 
Interruption is not due to an emergency or capacity limitation on KUB’s gas distribution 
system, the delivery of Transport Gas by KUB to those customers will not be 
interrupted. 
 
(4)  If the Period of Interruption is necessary due to a lack of confirmation by any 

connecting pipeline of deliveries for any Rate Schedule G-11 customers or to any 
Customers receiving Transportation Service under Rate Schedule G-7, then only 
service to the affected Rate Schedule G-11 customers or to the affected 
Customers receiving Transportation Service under Rate Schedule G-7, as 
applicable, will be interrupted. 

 
 
 Notices 
 

To the extent possible, KUB shall give Customer at least a one hour Notice of 
Interruption before a Period of Interruption begins.  A Notice of Interruption may be 
written or oral and shall be sufficient if given by KUB via telephone or in person to the 
person or persons designated from time to time by the Customer as authorized to 
receive such notices, or by facsimile transmission to the telephone number designated 
from time to time by the Customer, or if mailed or hand-delivered in writing to the 
Customer's premises.  If a Period of Interruption involves only a reduction in the amount 
of gas that may be purchased, the Notice of Interruption shall state the daily and/or 
hourly quantity of gas which Customer may purchase.  A Period of Interruption shall 
continue in effect until KUB notifies Customer that the Period of Interruption has 
terminated or until the time specified in the Notice of Interruption expires. 
 
 

Minimum Bill 
 

The minimum bill for each monthly billing period shall be the sum of the Customer 
Charge and the Demand Charge. 
 
 

Contract for Service 
 
Each Customer receiving service under Rate Schedule G-7 shall execute a contract 

with KUB for at least twelve (12) months to end on the November 1st specified in said 
contract or such other period as Customer and KUB agree upon.  Transportation 
Service under Rate Schedule G-7 shall be provided only after such customer executes 
a contract with KUB providing for Transportation Service. 
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 Payment 
 
 Bills under this rate schedule will be rendered monthly. Above rates and charges are 
net. In the event any bill is not paid within 15 days from date of bill, or on or before such 
other discount date as shall be agreed upon by KUB pursuant to KUB’s Rules and 
Regulations, there shall be added to the bill an amount equal to 5 percent of the first 
$250.00 of the bill plus one and one-half percent on any portion of the bill exceeding 
$250.00. To any amount remaining unpaid 30 days after the date of the bill, there shall be 
added a charge of one and one-half percent, and an additional one-half percent shall be 
added at the end of each successive 30 day period until the amount is paid in full.  
 

Rules and Regulations 
 

 Service is subject to Rules and Regulations of KUB. 
  
 
 
Resolution No. 1155. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . effective September 1, 2007 
 
 
Purchased Gas Adjustment (Firm Gas +$9.277, Interruptible Gas +$9.081) per dekatherm effective on billing 
periods on or after July 1, 2008. 
 
Purchased Gas Adjustment (Firm Gas +$7.105, Interruptible Gas +$6.795) per dekatherm effective on billing 
periods on or after August 1, 2008. 
 
Purchased Gas Adjustment (Firm Gas +$6.971, Interruptible Gas +$6.635) per dekatherm effective on billing 
periods on or after September 1, 2008. 
 
Purchased Gas Adjustment (Firm Gas +$6.571, Interruptible Gas +$6.192) per dekatherm effective on billing 
periods on or after October 1, 2008. 
 
Purchased Gas Adjustment (Firm Gas +$6.061, Interruptible Gas +$5.682) per dekatherm effective on billing 
periods on or after November 1, 2008. 
 
Purchased Gas Adjustment (Firm Gas +$5.678, Interruptible Gas +$5.361) per dekatherm effective on billing 
periods on or after December 1, 2008. 
 
Purchased Gas Adjustment (Firm Gas +$4.966, Interruptible Gas +$4.643) per dekatherm effective on billing 
periods on or after January 1, 2009. 
 
Purchased Gas Adjustment (Firm Gas +$4.632, Interruptible Gas +$4.314) per dekatherm effective on billing 
periods on or after February 1, 2009. 
 
Purchased Gas Adjustment (Firm Gas +$3.653, Interruptible Gas +$3.336) per dekatherm effective on billing 
periods on or after March 1, 2009. 
 
Purchased Gas Adjustment (Firm Gas +$2.022, Interruptible Gas +$1.623) per dekatherm effective on billing 
periods on or after April 1, 2009. 
 
Purchased Gas Adjustment (Firm Gas +$1.387, Interruptible Gas +$0.988) per dekatherm effective on billing 
periods on or after May 1, 2009. 
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Knoxville Utilities Board 

Gas Division 
 
 

RATE SCHEDULE G-6 
 

COMMERCIAL AND INDUSTRIAL GAS SERVICE 
 
 

 Availability 
 

Service under Rate Schedule G-6 is available to any commercial or industrial 
customer that incurs a demand of twenty-seven therms or more during the current 
monthly billing period or during any of the eleven most recent monthly billing periods.  
Unless otherwise approved by KUB, a customer receiving service under Rate Schedule 
G-6, after previously receiving service under Rate Schedule G-4, shall not be allowed to 
return to service under Rate Schedule G-4 until at least twelve months have elapsed 
since service was last received under Rate Schedule G-4. 
 
 

Net Rates 
 

Customer Charge:  $105.00. 
 

Demand Charge:  $1.70 per therm of demand. 
 

Commodity Charge:  $0.8370 per therm for the first 30,000 therms; plus 
    $0.7517 per therm for the excess over 30,000 therms. 

 
 
 

Purchased Gas Adjustment 
 

The Commodity Charge shall be subject to KUB's Purchased Gas Adjustment. 
 
 

Determination of Demand 
 

For the six regular monthly billing periods of November through April, inclusive, 
herein called the "On Peak Season", the demand shall be the greatest quantity of gas 
used on any day during the applicable monthly billing period, but not less than eighty 
percent (80%) of the greatest quantity of gas used on any day in any On Peak Season 
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month in the twelve months ending with the applicable monthly billing period. 
 
For the six regular monthly billing periods of May through October, inclusive, herein 

called the "Off Peak Season", the demand shall be the greatest quantity of gas used on 
any day during the applicable monthly billing period, but not less than eighty percent 
(80%) of the greatest quantity of gas used on any day in any month in the immediately 
preceding On Peak Season, except (a) the demand for any customer who has used gas 
under Rate Schedule G-6 during all six months in the immediately preceding On Peak 
Season shall be eighty percent (80%) of the greatest quantity of gas used on any day in 
any month in the immediately preceding On Peak Season, and (b) the demand shall be 
zero for a customer who has used gas under Rate Schedule G-6 during at least three 
months during the immediately preceding Off Peak Season and has used no gas during 
the immediately preceding On Peak Season. 

 
At the option of KUB, the demand shall be determined either (a) by demand type 

meter, or (b) by electronic measuring device, or (c) by test, or (d) by estimate.  If 
determined by estimate, the demand shall be considered to be equal to five percent 
(5%) of the total quantity of gas used during the applicable monthly billing period. 
 
 
  Minimum Bill 
 

The minimum bill for each monthly billing period shall be the sum of the Customer 
Charge and the Demand Charge. 
 
 

Contract for Service 
 

Each customer receiving service under Rate Schedule G-6 shall execute a contract 
with KUB for at least one year to end on the November 1st in the year specified in said 
contract.  
 
 

Payment 
 
 Bills under this rate schedule will be rendered monthly. Above rates and charges are 
net. In the event any bill is not paid within 15 days from date of bill, or on or before such 
other discount date as shall be agreed upon by KUB pursuant to KUB’s Rules and 
Regulations, there shall be added to the bill an amount equal to 5 percent of the first 
$250.00 of the bill plus one and one-half percent on any portion of the bill exceeding 
$250.00. To any amount remaining unpaid 30 days after the date of the bill, there shall be 
added a charge of one and one-half percent, and an additional one-half percent shall be 
added at the end of each successive 30 day period until the amount is paid in full.  

 
 

Rules and Regulations 
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 Service is subject to Rules and Regulations of KUB. 
  
 
 
Resolution No. 1155. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . effective September 1, 2007 
 
 
 
Purchased Gas Adjustment (+92.77 cents per therm) effective on billing periods on or after July 1, 2008. 
 
Purchased Gas Adjustment (+71.05 cents per therm) effective on billing periods on or after August 1, 2008. 
 
Purchased Gas Adjustment (+69.71 cents per therm) effective on billing periods on or after September 1, 2008. 
 
Purchased Gas Adjustment (+65.71 cents per therm) effective on billing periods on or after October 1, 2008. 
 
Purchased Gas Adjustment (+60.61 cents per therm) effective on billing periods on or after November 1, 2008. 
 
Purchased Gas Adjustment (+56.78 cents per therm) effective on billing periods on or after December 1, 2008. 
 
Purchased Gas Adjustment (+49.66 cents per therm) effective on billing periods on or after January 1, 2009. 
 
Purchased Gas Adjustment (+46.32 cents per therm) effective on billing periods on or after February 1, 2009. 
 
Purchased Gas Adjustment (+36.53 cents per therm) effective on billing periods on or after March 1, 2009. 
 
Purchased Gas Adjustment (+20.22 cents per therm) effective on billing periods on or after April 1, 2009. 
 
Purchased Gas Adjustment (+13.87 cents per therm) effective on billing periods on or after May 1, 2009. 
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Knoxville Utilities Board 

Gas Division 
 
 

RATE SCHEDULE G-4  
 

COMMERCIAL AND INDUSTRIAL GAS SERVICE 
 
 

 Availability 
 

Service under Rate Schedule G-4 is available to any commercial or industrial 
customer.  Unless otherwise approved by KUB, a customer receiving service under 
Rate Schedule G-4, after previously receiving service under Rate Schedule G-6, shall 
not be allowed to return to service under Rate Schedule G-6 until at least twelve months 
have elapsed since service was last received under Rate Schedule G-6. 
   
  
 Net Rates 
 

Customer Charge:  $5.30. 
 

Commodity Charge:  $1.2032 per therm for the first 250 therms; plus 
       $1.0945 per therm for the excess over 250 therms. 
 
 

Purchased Gas Adjustment 
 

The Commodity Charge shall be subject to KUB's Purchased Gas Adjustment. 
 
 

Minimum Bill 
 

The minimum bill for each monthly billing period shall be the Customer Charge. 
 
 

Payment 
 
Bills under this rate schedule will be rendered monthly. Above rates and charges are net. In 
the event any bill is not paid within 15 days from date of bill, or on or before such other 
discount date as shall be agreed upon by KUB pursuant to KUB’s Rules and Regulations, 
there shall be added to the bill an amount equal to 5 percent of the first $250.00 of the bill 
plus one and one-half percent on any portion of the bill exceeding $250.00. To any amount 
remaining unpaid 30 days after the date of the bill, there shall be added a charge of one 
and one-half percent, and an additional one-half percent shall be added at the end of each 
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successive 30 day period until the amount is paid in full.  
 
 

Rules and Regulations 
 
 Service is subject to Rules and Regulations of KUB. 
 
 
 
Resolution No. 1155. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . effective September 1, 2007 
 
 
 
Purchased Gas Adjustment (+92.77 cents per therm) effective on billing periods on or after July 1, 2008. 
 
Purchased Gas Adjustment (+71.05 cents per therm) effective on billing periods on or after August 1, 2008. 
 
Purchased Gas Adjustment (+69.71 cents per therm) effective on billing periods on or after September 1, 2008. 
 
Purchased Gas Adjustment (+65.71 cents per therm) effective on billing periods on or after October 1, 2008. 
 
Purchased Gas Adjustment (+60.61 cents per therm) effective on billing periods on or after November 1, 2008. 
 
Purchased Gas Adjustment (+56.78 cents per therm) effective on billing periods on or after December 1, 2008. 
 
Purchased Gas Adjustment (+49.66 cents per therm) effective on billing periods on or after January 1, 2009. 
 
Purchased Gas Adjustment (+46.32 cents per therm) effective on billing periods on or after February 1, 2009. 
 
Purchased Gas Adjustment (+36.53 cents per therm) effective on billing periods on or after March 1, 2009. 
 
Purchased Gas Adjustment (+20.22 cents per therm) effective on billing periods on or after April 1, 2009. 
 
Purchased Gas Adjustment (+13.87 cents per therm) effective on billing periods on or after May 1, 2009. 



Water and Wastewater Rates  
Below is a brief explanation of KUB's water and wastewater rates. To view KUB's rate schedules in detail, visit 
the  water rates database or wastewater rates database below. 
  

 

  

Water Rates 

  
Wastewater Rates  
  

  
Water Rates Database 

Wastewater Rates Database 

Amount Inside City  Outside City 

0-2 CCF*  $7.45 $8.75 

Next 8 CCF $2.30 per ccf $2.77 per ccf 

Next 90 CCF $2.64 per ccf $3.16 per ccf 

Next 300 CCF $1.90 per ccf $2.27 per ccf 

Next 4,600 CCF $1.38 per ccf $1.65 per ccf 

Over 5,000 CCF $0.91 per ccf $1.10 per ccf 

*CCF = 100 Cubic feet or 750 Gallons of Water  

Amount  Inside City  Outside City 

0-2 CCF*  $15.45 $18.15 

Next 8 CCF $7.47 per ccf $8.22 per ccf 

Next 90 CCF $6.64 per ccf $7.28 per ccf 

Next 300 CCF $5.69 per ccf $6.25 per ccf 

Next 4,600 CCF $4.73 per ccf $5.24 per ccf 

Over 5,000 CCF $3.92 per ccf $4.33 per ccf 

*CCF = 100 Cubic feet or 750 Gallons of Water  

Schedule Demand 

A Water Service Charge

B Private Fire Service

C Use of unmetered Water by Government Entity

D Public Fire Protection Service

E Sales for Resale

Schedule Demand 

A Waste Water Service Charge

B Extra-Strength Surcharges

C Holding Tank and Special Waste Charges

D Sewer Improvement Charge

E Wholesale Wastewater Treatment

*User

*Pass

Rememb

N

Login 

Energy
Green P
Cross C
Grease
Capacity
Busines

Busines
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Section 2: Facilities Description 
Ameresco visited the City of Knoxville facilities between December 2008 and April 2009 and has 
continued to work in the larger facilities up until the present time becoming familiar with the facilities 
and their operation as possible. During the site visits, the following facilities were visited: 

• Adair Park Community Center 

• Adaptive Recreation Center 

• Ashley Nicole Playground RR 

• Broadway Fine Arts Center 

• CAC LT Ross 

• Cal Johnson Recreation Center 

• Cecil Webb Recreation Center 

• Charter Doyle Park House 

• Chilhowee Park Office Building 

• Christenberry Family Center 

• City County Building 

• City Employees health Center  

• Civic Auditorium Coliseum 

• Claude Walker Field Buildings 
(Concessions/Restrooms) 

• Cumberland Estates Recreation Center 

• Deane Hill Recreation Center 

• East District Precinct 

• Ed Cothran Pool Buildings 

• Elm Street Public Service Dept Facility 
(includes Solid Waste transfer station, 
household hazardous waste, & Scale 
House) 

• Engineer Building @ Lorraine Street 

• E.V. Davidson Recreation Center 

• Facility Services Building 

• Fairview Recreation Center 

• Fire Annex Building 1 

• Fire Annex Building 2 

• Fire Annex Building 3 

• Fire Annex Building 4 

• Fire Department Arson Bureau 

• Fire Department Headquarters 

• Fire Department Training Center 

• Fire Station # 10 

• Fire Station # 11 

• Fire Station # 12 

• Fire Station # 13 

• Fire Station # 14 

• Fire Station # 15 

• Fire Station # 16 

• Fire Station # 17 

• Fire Station # 18 

• Fire Station # 20 

• Fire Station # 21 

• Fire Station # 3 
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• Fire Station # 4 

• Fire Station # 5 

• Fire Station # 6 

• Fire Station # 7 

• Fire Station # 9 

• Fleet Fuel Pumps RR and Office 

• Fleet Heavy Equipment Shop 

• Fountain City Recreation Center 

• Happy Homes Recreation Center 

• Ijams Nature Center 

• Impound Lot 

• Inskip Pool Buildings 

• Inskip Recreation Center 

• Jacob Building 

• John T. O'Connor Senior Citizens Center 

• K-9 Kennel 

• KAT Bus Service Facility 

• Kerr Building (Golden Gloves Arena) 

• KFD Alarm Building 

• Knoxville Convention Center 

• Knoxville Exhibition Center 

• KPD  

• KPD/Components Shop 

• KPD/Motorcycle Shop 

• Larry Cox Senior Center 

• Locust Street Garage 

• Lonsdale Library/Daycare  

• Lonsdale Recreation Center 

• Lyons View Recreation Center 

• Lyons View School  

• Maintenance Garage 

• Market Square Garage 

• Milton Roberts Recreation Center 

• Moses Training Academy 

• New Hope Recreation Center 

• Oakland Recreation Center 

• Old KFD Station #19  

• Pension Board  

• Phil E Keith Training Center 

• Public Service (Zones) 

• Public Service Horticulture 

• Public Service Warehouse 

• Recreation/Athletics  

• Recreation/Storage  

• Richard Leake Recreation Center 

• Ridely Helton 

• Safety Building 

• Safety City Offices 

• South Knoxville Community Center 

• South Knoxville Optimist Club 

• State Street Garage 

• State Street Garage Storage 

• Traffic Engineering Complex (Includes 6 
buildings, see pdf file entitled "Engineer 
Facilities" 

• Truancy Center 

• Tyson Park Clubhouse 

• Volunteer Landing  

• W.T. Crutcher Maintenance & Office 
Facility 

• West Haven Recreation Center 

• Worlds Fair Park Security Building 

• Worlds Fair Park Sunsphere 
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The following parks Were also visited:   

• 4th & Gill Park 

• Addair Park 

• Alice Bell Park 

• Badgett Field 

• Bearden Middle Schools Field 

• Caswell Park 

• Charter E. Doyle Park 

• Christenberry Ball Fields 

• Claude Walker Park 

• Danny Mayfield Park 

• Harriet Tubman Park 

• Hecht Pav Field 

• Holston Chilhowee Park 

• Holston River Park 

• Joe Foster Park 

• Larch/Colquitt Park 

• Lonsdale Park 

• Mary Vestal Park 

• Maynard Glenn Park 

• McWherter Riverside Park 

• Morningside Park 

• Morningside Park 

• North Hill Park 

• Park Ridge Park 

• Reed Baxter park 

• Ridley Helton Field 

• Rocky City Field 

• Sam Duff Park 

• Sequoyah Hills ball field 

• Sharps Ridge Park 

• Skyline Park 

• South Doyle Middle School Fields 

• TVA Pavilion & Ball field 

• Tyson Park 

• Walter Hardy Park 

• West Hills/John Bryon Park 

• Westview Park 

• Westwood Park 

• Whittle Springs Golf Course 

• WMS creek Golf Course 

• WMS Creek/WEE Golf Course 

Due to the size of this project, Ameresco has chosen to develop a slightly more detailed listing of the 
larger facilities and a one page summary of the smaller facilities.  These summaries can be found at 
the end of this section. 



 

City County Building 
The City County building is a 530,000 S.F. facility 
constructed in 1977 and consists of offices, 
courts, a jail, etc. The nine story building envelope 
consists of a flat roof and concrete walls. About 
85% of the exterior wall areas are covered by 
single pane glazing and windows. The building has 
a 24 hour, 365 day occupancy. 

The lighting system is composed of mostly T8, 32 
watt fixtures. There are lighting improvement 
opportunities to reduce the T8 wattage from 32 to 28 watt lamps and where there are T12 fixtures 
such as the mezzanine mechanical room. Also there are areas around hallways, elevators, and 
conference room that have inefficient incandescent light fixtures. Ameresco also observed 
daylighting and lighting control opportunities. 

The building’s HVAC system is served by a four 
pipe system. Space heating is achieved by two 
6095 MBH natural gas Kewanee boilers. A variety 
of circulating pumps including two 50 horsepower 
pumps supply hot water heating to terminal units 
such as radiators in hallways, stairs and perimeter 
radiation, and air handling unit heating coils for 
hot air ventilation in offices. The two original 
electric heating hot water boilers are maintained as 
back up units. Space cooling is served by three 
screw McQuay chillers which are approximately 
12 years old. Chilled water is supplied to terminal units such AHUs. Variable speed drives are used 
on AHUs and pumps. Condensing water is cooled via a cooling tower that runs continuously and is 
in need of replacement. The cooling tower’s water treatment may be undersized or in need of repair 
as it does not provide adequate treatment as observed from the sediments on the exterior of the 
tower. The tower is also used in conjunction with a chiller for heat recovery. Hot water for heating is 
provided by the tower heat recovery system and is operable down to 50 degree Fahrenheit outside air 
temperature. At 50 degrees outside air temperature, the first natural gas boiler is brought on line. At 
45 degrees, the second boiler is energized. 

The existing Johnson direct digital controls (Metasys) energy management system was installed in 
1994 to supervise the original pneumatic controls. Facility personnel noted that it has become 
difficult to obtain repair parts for the system. They also noted that the south exposure corridors and 
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stairwells overheat, which is a sign of malfunctioning controls or the lack of control.  This could is 
also due in part to solar heat gain on the south side of the building. 

Since 1998, domestic hot water has been served by a gas boiler with a storage tank capacity of 750 
gallons. The old system had a 3,000 gallon storage tank. According to facility personnel, the 
circulating loop is not working properly and is not providing adequate hot water to the building’s 
occupants that include a kitchen and 220 prisoners housed in the jail section.  

In addition, Ameresco observed no water saving opportunities as the water fixtures such as toilets, 
urinals, and lavatory sinks have been retrofit to low flow. Improved cooling tower controls would 
yield water savings as well. 

Fire Department Headquarters Building  
The City of Knoxville Fire Department Downtown Station is a 
26,210 S.F. facility constructed in 1977 and consists of a few 
offices, sleeping quarters, truck garage, a kitchen, and other 
common areas. The building is partially two story and its 
windows are single pane. The truck bays with heat only account 
for 11,362 S.F. The occupied space is 14,848 S.F. The building 
has a 24 hour, 365 day occupancy. There are 21 fire stations 
throughout the City of Knoxville, of which, this facility is twice 
as large as the standard Fire Station. 

The lighting system is composed of mostly T12 lamps, 
incandescent fixtures, and bay lighting. Significant lighting 
retrofit opportunities exist in this facility. Ameresco also 
observed some daylighting and lighting control opportunities. 

The building’s HVAC system is partially original to the building with some upgrades to the cooling 
system. The HVAC system is working properly but much of its equipment has approached the end 
of the design life. The 35 year old AHU provides ventilation cooling and heating. Heating is provided 
by 148 kW electric strip heat and cooling by chilled water. The AHU is a multi-zone unit with five 
zones. There are two air cooled chillers on the roof and they are fairly new and in good condition.  

The building has an old pneumatic temperature control and is in need of repair or replacement. 
Ameresco observed potential opportunities by installing a new energy management system that will 
incorporate both the heating and cooling system. 

According to City facility personnel, the electric domestic hot water heater and 500 gallon tank are 
original to the building and is in urgent need of replacement.  
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In addition, Ameresco observed water saving opportunities with standard water fixtures such as 
toilets, urinals, and lavatory sinks.  

City of Knoxville Convention Center 
The City of Knoxville Convention center is a 500,000 S.F. facility constructed in 2002.  The primary 
use of this facility is for public trade shows, conventions, and private and public entertainment 
events.  

The lighting system is a variety of lighting systems including T8 fluorescent, quartz, and metal halide. 
Some control and usage problems have been reported by facility personnel, such as the dimmable 
fixtures, short lifespan of the quartz bulbs, and the track lighting burning out transformers. There are 
significant energy saving opportunities in lighting and lighting controls. 

The HVAC system is fairly new. The system is a four pipe 
system, capable of providing heating and cooling 
simultaneously, but being operated as a two pipe. If the 
boiler is operating, the chiller is off and vice versa. Heating is 
supplied by two high pressure 400 H.P. steam boilers. 
Cooling is supplied by two 1,000 ton chillers. The HVAC 
distribution piping serves variable air volume units 
throughout the facility, and also perimeter radiators. 
Although the boilers are steam, the distribution piping is hot 
water. There are two large steam humidifiers that use steam. 
However based on the survey and conversations with 
building staff, the humidifiers no longer function. The 
boilers are oversized since the domestic hot water load and 
the humidification load has been removed.  Energy saving 
opportunities are realized by installing smaller, high 
efficiency hot water boilers. 

The energy management system (EMS) is a Johnson Control 
Metasys system with direct digital capabilities. The system is fairly new and is in good working 
condition. It does not provide web access. 

Water conservation fixtures are new. Waterless urinals have been installed as part of the effort of the 
city to convert this facility into a LEED certified building.  
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Civic Auditorium Coliseum 
The Civic Auditorium Coliseum is a 147,000 S.F. facility 
built in 1961. The storefront type glass on part of the 
building is single pane. The primary use of this facility is 
for public entertainment and recreation. This facility 
includes a 2400 seat auditorium, 4500 S.F. ballroom, 
exhibit hall and large parking garage. 

The lighting system is composed of mostly T12 lamps, 
dimmable metal halide and incandescent fixtures. The 
coliseum has 300w incandescent lights over the seating 
area and 400w MH over the arena. Significant lighting retrofit opportunities exist in this facility.  

The HVAC system is composed of four pipe and two pipe systems. The auditorium has chilled water 
cooling and hot water heat.  Steam used to be used for heating however, the steam coils have been 
abandoned in all the AHUs.  The water loop system now functions as a dual temperature loop 
serving either hot water or chilled water based on the season. The coliseum has chilled water cooling 
or hot water heat. Isolation valves are present allowing for individual supply of cooling or heating to 
either the auditorium or coliseum. There is a dedicated system that serves the 1” thick ice rink. 

Steam is generated by two new steam boilers installed five years ago. The rest of the heating system is 
original to the building and uses heat exchangers to convert steam to hot water to serve dedicated 
areas of the facility. Sections of the heating distribution piping insulation are old and very thin. 
Energy savings opportunities exist in replacing old pipe insulation with the appropriate thickness for 
maximum energy efficiency. Many of the steam traps are old and are in need of replacement. 

The cooling system is served by three chillers. The first chiller is 430 ton, the second 300 ton and the 
third is a 60 ton chiller used for the ball room. The three chillers are tied into the original cooling 
system. Except for the newer equipment, the HVAC system is mostly original and there are 
significant opportunities for energy savings.  

The energy management system (EMS) is pneumatic and also original to the building. The EMS 
needs a complete overhaul as many of its parts cannot be retrofitted due to its age.  

Water fixtures were observed to be mixed high efficient and standard efficiency. However, lavatory 
aerators were observed to be of standard flow of 2.2 gpm or higher. There are water savings 
opportunities.  Also, the cooling tower has no deduct meter so all the makeup water for the tower is 
charged sewer. 
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Cal Johnson Recreation Center 
The Cal Johnson Center is a 12,891 S.F. facility 
constructed in the mid-60s.  The primary use of this 
facility is for after school and day programs.  

The lighting system consist of T12 lamps in 
hallways, classrooms and offices, 400 Watt medal 
halide fixtures in the gym, and incandescent exit 
lights. 

The original heating natural gas fired boiler system 
failed and has been abandoned in place. In its place, 
electric heating coils were installed in the air handlers to provide heating. Cooling is by direct 
expansion units. Except for the weight room, there are no heat pumps. The original units are over 10 
years old. There is no energy management system and thermostats are standard non-programmable. 

Ameresco observed water saving opportunities with standard water fixtures such as toilets, urinals, 
and lavatory sinks.  

Safety Building 
The Safety building is 113,400 S.F. facility built in 
1968.  The lower floor windows are single pane, 
metal frame. The third and fourth floor windows 
have been retrofit to double pane. 

The lighting system consists mainly of T12 lamps 
and incandescent fixtures.  

The heating system is original to the building and 
consists of two Kewanee steam boilers.  The steam 
boilers have been retubed recently. There is a two 
year old York 170 ton chiller for cooling. A 20 year old York 90 ton chiller is no longer used but still 
in place. The cooling tower is 20 years old. The facility is heated and cooled by 8 multi-zone AHUs 
with steam heating coils and chilled water cooling coils. The AHU controls are have been updated to 
stand alone controllers but the zones are manually controlled. There is also hot water perimeter heat.  

There is no energy management system. The existing pneumatic temperature control system is 
obsolete and needs to be replaced. Terminal units are no longer controlled and work in manual 
mode. Although many areas of the building are 24/7 occupancy, there are areas that shut down at 
night. 
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Water fixtures are mostly high flow and opportunity exists for water conservation. 

John T. O’Connor Senior Citizen’s Center 
The O’Connor Center is a 33,885 S.F. facility that 
houses recreation areas, a kitchen and offices. The 
facility serves approximately 200 people per day, 8000 
per year. The kitchen serves about 55 meals per day, 
Monday through Thursday. 

Lighting system consists of mostly T8 lamps and 
incandescent fixtures.  

The building has a recent addition with its own 
dedicated HVAC system consisting of roof top gas pack 
units.  There is a section that is also heated by heat pumps with electric heating coils. The older part 
of the building has a two pipe system with a newer Raypak natural gas hot water boiler and a new 
McQuay chiller. The chiller is shut down and the boiler fired up after Thanksgiving. The chiller is 
then started and the boiler shutdown around April 15th depending on the climate.  There is no energy 
management system.  There is a mixture of programmable and non-programmable thermostats. 

Some of the older sections of the building have single pane windows and doors and are in need of 
replacement as occupant discomfort due unwanted air infiltration. 

A temperature control system for the building is only available for the new addition. The rest of the 
building functions manually. 

Ameresco observed water saving opportunities with standard water fixtures such as toilets, urinals, 
and lavatory sinks. 

Jacob Building 
The Jacob Building is a 57,000 S. F. facility located 
on an 88 acre park. It is a multiuse facility that 
includes exhibitions, agricultural fairs, and auto 
shows. It is mostly used during weekends. The 
park also contains a 5,000 SF office building and 
maintains exterior and street lighting. Jacob 
Building was built in 1941 and completely 
renovated in 2004.  

The building envelope was also updated with the 
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2004 renovation. The windows are double pane and the roof is new with upgraded roof insulation.  

Lighting inside the building is fairly new and consist of 250 watt and 400 watt metal halide fixtures. 
The park also has about 96 street lights that are City owned and average an outing of about three per 
day. There are savings opportunities by upgrading the metal halide lighting to fluorescent the parking 
lot to either LED or induction. 

The four pipe HVAC system is also new.  On the hot water heating side, there are two gas fired 
boilers installed in 2004. On the cooling side, there are two 100 ton air cooled screw chillers. There is 
also a 60 ton make-up air unit for fresh air with CO2 control. 

The energy management system is DDC JCI Metasys and controls the HVAC system. 

Ameresco observed water saving opportunities with standard water fixtures such as toilets, urinals, 
and lavatory sinks.  The park is fed water by a six inch main.  The majority of this water does not 
enter the sewer but due to the piping arrangement sewer charges are incurred on all water through 
the line. 

Traffic Engineering Complex  
The Traffic Engineering Complex is composed of six 
facilities. City personnel noted that the 1953 Building 1 
will be renovated. The 1,970 s.f. facility is mostly used 
for garage, storage, workroom and a small office space.  
The facilities are block buildings. 

Lighting is composed of mostly T12 fluorescent lights.  

The HVAC system at building one is fairly new and was 
installed two years ago. The garage has a forced air gas 
heater. The rest of the building is served by a ground 
mounted split heating and cooling system. Building two has two package units with electric heat.  
Buildings four and five have split systems with natural gas furnaces and natural gas unit heaters.  
Building six has electric unit heaters.  There is no energy management system and thermostats are 
non-programmable. 

Ameresco observed water saving opportunities with standard water fixtures such as toilets, 
urinals, and lavatory sinks. 
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South Knoxville Community Center 
The South Knoxville Community Center is a 37,240 S. F. facility. The primary use of this facility is 
for recreation and includes basketball courts, a pool, locker rooms and offices. Areas of the facility 
are also rented on weekends.  

The lighting system consists of 400 W metal halide fixtures in the gym and T12 lamps for the rest of 
the building. 

The HVAC system operates with five rooftop units with electric heat and direct expansion cooling.  
The pool area is heated by natural gas radiant heaters. There is no energy management system.  
Thermostats are standard non-programmable.  Pool water is heated by a natural gas heater. Also, a 
1,000 gallon electric heater provides domestic hot water.  The water heater is in poor condition and 
needs to be replaced.  It is also oversized. 

Ameresco observed water saving opportunities with standard water fixtures such as toilets, urinals, 
and lavatory sinks. 
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CITY OF KNOXVILLE, TN  ADAIR COMMUNITY CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Adair Community Center 
 
Location: 1807 Adair 
 
Hours of Operation: No schedule 
 
Primary Use: Community Center.  
 
Total SqFt: 2,752 
 
Makeup: 400 SF of heated space 
 2,352 SF of heated and air-conditioned space 
 
Construction Date: Completed 1997 
 
Construction: Brick, CMU and Aluminum siding.  
 
Roof: Asphalt Shingle Roof 
 
Exterior Windows:  Single Pane  
 
Space Heating: 1 Electric unit heater,  
 
Space Cooling: 1 Window unit 
 
EMS/Controls: Standard non programmable thermostat  
 
Water Heating: 50 Gallon Electric Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. There are few incandescent fixtures.  See 

Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN  ADAPTIVE RECREATION CENTER 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Adaptive Recreation Center 
 
Location: 2235 Dandridge Ave 
 
Hours of Operation: -Mon-Sun – 8AM to 4PM M– Th; 8AM to 11:30 Fri 
 
Primary Use: Recreation Facility 
 
Total SqFt: 13,143 sqft 
 
Makeup: This is a recreation facility with an indoor gym/basketball court, weight room, and 

classrooms. There is a also an pool for aquatic therapy. . 
 
Construction Date: Completed 1977 
 
Construction: Main building is built of Brick and CMU. The Natorium is made of steel and 

fiberglass with sliding window doors around the bottom. The Basketball Gym is 
made of steel and aluminum. 

 
Roof: Newly installed standing seam roof over the main area. Basketball Gym has a 

fiberglass roof. Pool house has a metal roof. 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: 4 hanging electric heaters in gym; 4 electric heaters in auditorium; 2 electric units in 

locker rooms. 
 
Space Cooling: New ground mounted packaged unit with NG heat system installed Spring 2009.  

Services the locker rooms.. 1 split System services the locker rooms. 
 
EMS/Controls: Standard non programmable thermostat 
 
Water Heating: 2 electric water tanks –  
 
Water Fixtures: Toilets and urinals are high flow. See Appendix for detailed information.   
 
Lighting: Primarily T12 Flourecent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.   
 
Pool: Indoor heated therapy pool. 



CITY OF KNOXVILLE, TN  ARSON BUREAU  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Arson Bureau 
 
Location: 336 Caldwell  
 
Hours of Operation: Monday- Friday 8am-4:30pm  
 
Primary Use: Fire Department Office  
 
Total Sq Ft: 2,755 Sq ft    
 
Construction Date: Constructed about 1910 
 
Construction: Brick, Wood, CMU 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Double Pane 
 
Space Cooling/ Heating: 1 split system with NG furnace  
 
EMS/Controls: Standard Nonprogrammable Thermostat 
 
Water Heating: 75 Gallon water heater-natural gas 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. There are few incandescent fixtures.  See 

Appendix for detailed information 
 
  



CITY OF KNOXVILLE, TN  ASHLEY NICOLE PLAYGROUND 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Ashley Nicole Playground 
 
Location: Jessup Ave 
 
Hours of Operation: Dawn to Dusk, 7 days a week 
 
Primary Use: Recreation, with Restrooms 
 
Total SqFt: 800 SF (restrooms) 
 
Construction Date: Completed 2004 
 
Construction: Brick Building 
 
Roof: Asphalt Shingle Roofs 
 
Exterior Windows:  N/A 
 
Space Heating: Electric Unit Heaters 
 
Space Cooling: N/A 
 
EMS/Controls: N/A 
 
Water Heating: 50 Gallon Electric Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Mainly T12 fixtures. There are a few T8 Fixtures. See Appendix for detailed 

information. 
 
Irrigation Programmable Rainbird System. 



CITY OF KNOXVILLE, TN                         BAXTER AVE. FIRE STATION #3                                       

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Baxter Ave. Fire Station #3  
 
Location: 204 E. Baxter Ave.  
 
Hours of Operation: 24 hours /7 days week 
 
Primary Use: Fire Station  
 
Total Sq Ft: 7,078 sq ft  
 
Construction Date: Constructed 1992 
 
Construction: Brick and CMU 
 
Roof: Asphalt Shingle 
 
Exterior Windows:  Double Pane 
 
Space Heating: NG furnace 
 
Space Cooling: Spilt System 
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 70 gallon natural gas  
 
Water Fixtures:           Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting:  The majority of fixtures in this facility are T12.  See lighting ECM appendix for 

details 



CITY OF KNOXVILLE, TN  BEARDEN FIRE STATION #18 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Bearden Fire Station #18  
 
Location: 610 Weisgarber Road  
 
Hours of Operation: 24/7  
 
Primary Use: Fire Station  
 
Total SqFt: 8,043  
 
Makeup: 3,889 heated 
 5,734 heated and air conditioned  
 
Construction Date: Completed 1998 
 
Construction: Brick and CMU 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Single Pane 
 
Space Heating: Unit heaters (natural gas) in bays. 3 NG furnaces for the remaining building  
 
Space Cooling: 3 split systems.  
 
EMS/Controls: Nonprogrammable Thermostat 
 
Water Heating: 80 gallon natural gas water heater  
 
Water Fixtures: A small amount of fixtures are High volume. See Appendix for detailed information. 
 
Lighting: Mainly T12 fixtures throughout the facility. Incandescent fixtures and MH complete 

the lighting. See Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN                         BURLINGTON FIRE STATION #6                                       

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Burlington Fire Station #6  
 
Location: 3925 Holston Drive  
 
Hours of Operation: 24 hours /7 days week 
 
Primary Use: Fire Station  
 
Total Sq Ft: 2,469 sq ft  
 
Construction Date: Constructed 1908 
 
Construction: Brick and CMU 
 
Roof: Low Slope 
 
Exterior Windows:  Double Pane 
 
Space Heating: Electric Wall Heater See Space cooling for additional units. 1 packaged unit at the 

rear of the building. 
 
Space Cooling: 2 split systems with NG heat. – 2 units 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 65 gallon natural gas water heater 
 
Water Fixtures:            Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: The majority of fixtures in this facility are T12.  See Lighting ECM appendix for 

details 



CITY OF KNOXVILLE, TN  CAL JOHNSON RECREATION CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Cal Johnson Recreation Center 
 
Location: 507 Hall of Fame Dr. 
 
Hours of Operation: -Mon-Sun – 9AM – 9PM M-F; Rentals on Weekends 
 
Primary Use: Recreation Facility 
 
Total SqFt: 13,391 
 
Makeup: This is a recreation facility with an indoor gym/basketball court, weight room, and 

classrooms.. 
 
Construction Date: Completed 1960’s 
 
Construction: Brick and CMU,  
 
Roof: Low Slope Membrane Roof 
 
Exterior Windows: Single-Pane, aluminum frame.  
 
Space Heating: 2 electric heat unit heaters in the gym. 2 electric units in  the weight room.  
 
Space Cooling: 2 packaged units for the front offices with direct expansion heat. 
 
EMS/Controls: Standard Nonprogrammable thermostat 
 
Water Heating: 50 Gallon Gas (natural) 
 
Water Fixtures: Toilets and urinals are high flow. See Water ECM Appendix for detailed 

information.   
 
Lighting: Facility utilizes T12 flourescent with a minimal amount of incandescent and metal 

halide fixtures. See lighting ECM Appendix for detailed information.   
  
 
 



CITY OF KNOXVILLE, TN  CASWELL PARK   

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Caswell Park  
 
Location: 2335 Dandridge Ave. 
 
Hours of Operation: Various times depending on the need and season. 
 
Primary Use: Baseball fields. 
 
Construction Date: Completed July 2002. 
 
Construction: Club house is a stick built structure with vinyl siding. 
  
 
Roof: Clubhouse consists of Asphault Shingles.  
 
Exterior Windows:  Single P. Windows.  
 
Space Cooling/  
Heating: 4 electric heat pump systems.  
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 30 Gallon NG Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. There are few incandescent fixtures.  See 

Appendix for detailed information. 



CITY OF KNOXVILLE, TN  CECIL WEBB RECREATION CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Cecil Webb Recreation Center 
  
Location: 253 East Moody Ave.  
 
Hours of Operation: -Mon-Fri- 6am-5pm 
  
Primary Use: Recreation  
 
Total SqFt: 10,243 
 
Makeup: Building is used for recreation. There is an indoor basketball court, a weight room, 

and classrooms.   
 
Construction Date: Completed 1959 
 
Construction: Brick and CMU, CMU Interior Walls  
 
Roof: Standing Seam roof. Low Slope EPDM 
 
Exterior Windows: Scheduled to be replaced 
 
Space Heating and Cooling-  (1 ) Electric Hanging Unit Heater 
      (3) Window Units 
      (2) Split systems 
      (1) Gas Furnace 
 
EMS/Controls: Standard Nonprogrammable thermostat 
 
Water Heating: (1) 40 gallon electrical. 
 
Water Fixtures: High flow toilets, urinals, and aerators. Remaining fixtures are low consumption.. 

See Water ECM Appendix for detailed information. 
 
Lighting: Facility Utilizes T12 Fluorescent with magnetic ballasts.  A minimal amount of 

incandescent fixtures remain. See lighting ECM appendix for detailed information.  
  
 
\ 
 



CITY OF KNOXVILLE, TN  CHARTER DOYLE PARK HOUSE 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Charter Doyle Park House 
 
Location: 5100 Martin Mill Pk 
 
Hours of Operation: 24/7 
 
Primary Use: Recreation; Residence 
 
Total SqFt: 2,252 
 
Makeup: Restrooms 
 
Construction Date: Remodeled 2004 
 
Construction: CMU and Wood 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Single Pane 
 
Space Heating: N/A 
 
Space Cooling: Air condition window units.  
 
EMS/Controls: N/A 
 
Water Heating: 40 Gallon Electric Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility utilizes incandescent fixtures. See lighting ECM appendix for detailed 

information. 
 
 



CITY OF KNOXVILLE, TN CHILHOWEE-HOLSTON HILLS FIRE STATION #16 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Chilhowee-Holston Hills Fire Station #16  
 
Location: 5102 Asheville Highway  
 
Hours of Operation: 24/7  
 
Primary Use: Fire Station  
 
Total SqFt: 4,321  
 
Construction Date: Completed 1962 
 
Construction: Brick and CMU 
 
Roof: Standing Seam 
 
Exterior Windows:  Single Pane 
 
Space Heating: 2 Natural gas hanging unit heaters in the garage,  
 
Space Cooling: 1 pad mounted package unit with NG heat located to the rear of the building. 
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 75 gallon natural gas water heater  
 
Water Fixtures: Toilets are consumption. The remaining fixtures are See Water ECM appendix for 

detailed information. 
 
Lighting: Mainly T12 fixtures throughout the facility. The remainders are MH and 

incandescent fixtures. See Lighting ECM Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN  CHILHOWEE PARK OFFICE BUILDING 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Chilhowee Park Office Building 
 
Location: 3301 East Magnolia Ave 
  
Hours of Operation: Mon-Sun - 8am-7pm   
 (Available for rent on the weekends) 
 
Primary Use: Office Building 
 
Total SqFt: 6,300 sqft 
 
Construction Date: Completed 1974 
 
Construction: Brick, Aluminum siding, and CMU, CMU Interior Walls  
 
Roof: Low Slope membrane 
 
Exterior Windows: Programmable thermostats 
 
Space Heating: Gas Furnaces 
 
Space Cooling: 4 split systems. 2  running each side of the building. Furnaces are NG. 
 
EMS/Controls: 3 Programmable thermostats. 1 nonprogrammable thermostat. 
 
Water Heating: 40 Gal electric. 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility utilizes  T12 Fluorescent with a minimal amount of incandescent and metal 

halide fixtures. See Appendix for detailed information.  
 
 
 ( 
 



CITY OF KNOXVILLE, TN  CHRISTENBERRY FAMILY CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Christenberry Family Center 
 
Location: 931 Oglewood Ave 
 
Hours of Operation: - 9AM – 9PM M-F; Rentals of Weekends  
 
Primary Use: Recreation  
 
Total SqFt: 240 sqft 
 
Construction Date: Completed 1974 
 
Construction: Brick, Concrete, and CMU 
 
Roof: Low Slope EPDM. 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: Electric ceiling heater in Lobby  
 Electric heat in Locker Rooms  
 Electric central heat in the rest of the building  
 
Space Cooling: (5) units Central AC 
 
EMS/Controls: Standard non programmable thermostat 
 
Water Heating: 50 Gallon Electric Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Primarily T12 Fluorescent with a minimal amount of incandescent and metal halide 

fixtures. See Lighting ECM appendix for detailed information.   
  
 
 



CITY OF KNOXVILLE, TN                                                CITY EMPLOYEE HEALTH CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: City Employee Health Center  
 
Location: 1405 Lorraine Street  
 
Hours of Operation: Monday- Friday 8am-4pm  
 
Primary Use: City Employees Medical Center  
 
Total SqFt: 2,003 sq ft  
 
Construction Date: Constructed 1998 
 
Construction: CMU, Wood, and Brick 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Double Pane 
 
Space Heating: See Space Cooling.  
 
Space Cooling: 1 split system with NG furnace. Condenser located to the rear of the building.  
 
EMS/Controls: Honeywell for offices and foyer; York for classrooms-both installed 2000 
 
Water Heating: 40 gallon electric 
 
Water Fixtures:           Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: The majority of fixtures in this facility are T12.  See Lighting ECM appendix for 

details  



CITY OF KNOXVILLE, TN CLAUDE WALKER FIELD RESTROOMS/CONCESSIONS 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Claude Walker Field Restrooms / Concessions 
 
Location: 2945 Wilson Ave 
 
Hours of Operation: No Schedule 
 
Primary Use: Field House Recreation; Concession 
 
Total SqFt: 1,959 sqft 
 
Makeup: 650 SF of air-conditioned space 
 
Construction Date: Remodeled 2006 
 
Construction: CMU 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  N/A 
 
Space Heating: N/A – Closed in the winter 
 
Space Cooling: Old window units, poor condition 
 
EMS/Controls: N/A 
 
Water Heating: 30 Gallon Water Heater, Electric 
 
Water Fixtures: Toilets are low consumption. Aerators are high consumption. See Appendix for 

detailed information. 
 
Lighting: The entire building utilizes T12 fixtures. See Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN CUMBERLAND ESTATES RECREATION CENTER 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Cumberland Estates Recreation Center 
 
Location: 4529 Silver Hill Dr 
 
Hours of Operation: - 9AM – 9PM M-F; Rentals on Weekends 
 
Primary Use: Recreation Facility 
 
Total SqFt: 11,590 sqft 
 
Construction Date: Completed 1974 
 
Construction: Brick and CMU.  
 
Roof: Low Slope EPDM 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: Wall unit heaters in the dance area. 
 
Space Cooling: 4 Packaged Rooftop units with electric heat. 
 
EMS/Controls: Standard non-programmable thermostat and programmable thermostats. 
 
Water Heating: 70 Gallon Electric 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Primarily T12 Fluorescent with a minimal amount of incandescent and metal halide 

fixtures. See Lighting ECM appendix for detailed information.   
 



CITY OF KNOXVILLE, TN  DEANE HILL RECREATION CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Deane Hill Recreation Center 
 
Location: 7400 Deane Hill Dr. 
 
Hours of Operation: Garage -Mon-Sun - 24hrs   
 
Primary Use: Recreation Facility 
 
Total SqFt: 14,070 sqft 
 
Construction Date: Completed 1974. Addition built 1999 
 
Construction: Brick and CMU,  
 
Roof: Low Slope Membrane Roof 
 
Exterior Windows: Single-Pane, aluminum frame.  
 
Space Heating: Gym has 2 package units. New  addition has 2 RTUs. Gym area has 2 RTUs. Electric 

wall heater in work out room. 
 
Space Cooling: See Space Heating above 
 
EMS/Controls: Standard non programmable thermostat 
 
Water Heating: 40 Gallon Gas Water Heater, 40 Gallon Electric Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Primarily T12 Fluorescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.   
 
 



CITY OF KNOXVILLE, TN  ED COTHERN POOL BUILDINGS 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Ed Cothern Pool Buildings 
 
Location: 1737 Reynolds 
 
Hours of Operation: 9AM to 6PM, Mon – Sun, through Summer 
 
Primary Use: Concession; Locker Rooms; Recreation 
 
Total SqFt: 3,506 sqft 
 
Makeup: 939 SF of air-conditioned space 
 1,315 SF of heated space 
 
Construction Date: Completed 2000 
 
Construction: Wood Siding, Brick and CMU. 
 
Roof: Asphalt Shingles. 
 
Exterior Windows:  Single Pane 
 
Space Heating: Electric unit heater in the pool house. ,  
 
Space Cooling: Through-the-wall units,  
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 40 Gallon Electric Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: F40T12’s. See Appendix for detailed information. 
 
Pool 1 large outdoor pool utilizing a Chlorine chemical treatment system. Manual pool 

cover used during the off season. 



CITY OF KNOXVILLE, TN  E.V. DAVIDSON RECREATION CENTER 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: E.V. Davidson Recreation Center 
 
Location: 3124 Wilson Ave 
 
Hours of Operation:    Mon-Sun - 11-9 (Winter)  
 Mon-Sun - 8-7 (Summer)  
 
Configuration: 25,300 SQ FT 
 
Construction Date: Completed 1974 
 Remodeled 2003 
 
Construction: Brick and CMU  
 
Roof: Low Slope Membrane Roof. 
 
Exterior Windows:  Single Pane 
 
Space Heating: Trane Rooftop Units  
  
Space Cooling: (4) Trane units gas heat and electric expansion cooling. 
  
Water Heating: (1) 130 Gal. RUUD Gas Water Heater 
 (1) 30 Gal GE Electric Water Heater 
 
Pool ; (1) Pentair NG pool water heater. 
 (3) High Rate Sand Filters. 
 (1) 5HP motor. 
  
Water Fixtures: Majority of the fixtures are high consumption. See attached. Water ECM appendix 

for details 
 
Lighting: Majority of the lights are T12. See attached Lighting appendix for details. 



CITY OF KNOXVILLE, TN                                                     FACILITY SERVICES BUILDING                                      

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Facility Services Building  
 
Location: 3209 Morris Ave, 
 
Hours of Operation: Monday- Friday 7am-3:30pm  
 
Primary Use: Maintenance Shop & Office  
 
Total Sq Ft: 7,420 sq ft 
 
Construction Date: Constructed 1996 recently remodeled. 
 
Construction: CMU Brick, and Metal  
 
Roof: Shingle 
 
Exterior Windows:  Double Pane 
 
Space Heating: Natural Gas unit heaters in the garages 
 
Space Cooling: Split system with NG furnace for the offices  
 
EMS/Controls: Programmable thermostat 
 
Water Heating: 40 gallon electric 
 
Water Fixtures:           Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting:  The majority of fixtures in this facility are T12.  See Lighting ECM appendix for 

details 
  



CITY OF KNOXVILLE, TN  FAIR VIEW CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Fair View Center 
 
Location: 1628 Dora Street 
 
Hours of Operation: No schedule 
 
Primary Use: Community Center 
 
Total SqFt: 1,556 sqft 
 756 SF heated space; 800 SF heated and air conditioned space 
 
Construction Date: Completed 1950’s 
 
Construction: CMU and wood siding along the top 
 
Roof: Asphalt Shingles 
 
Exterior Windows: Single Pane  
 
Space Heating: (2) Gas Unit Heaters.  
 
Space Cooling: (1) Air condition window unit. 
 
EMS/Controls: Standard nonprogrammable thermostat. 
 
Water Heating: 50 Gallon Gas Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility utilizes a mix of T12 and incandescent fixtures. See lighting ECM appendix 

for detailed information. 
 
 



CITY OF KNOXVILLE, TN                                                               FLEET FUEL PUMPS  
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Location Name: Fleet fuel Pump 
 
Location: 1400 Lorraine Street 
 
Hours of Operation: 24 hours/ 7 days week  
 
Primary Use: Offices, restrooms  
 
Total Sq Ft: 1,500 sq ft  
 
Construction Date: Constructed  Early 1970’s 
 
Construction: CMU 
 
Roof: Low Slope 
 
Exterior Windows:  N/A 
 
Space Heating: Electric unit heater in the office    
 
Space Cooling: Window unit  
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 40 gallon water heater electric 
 
Water Fixtures:            Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: The majority of fixtures on this facility are T12.  See lighting ECM appendix for 

details 
 
  



CITY OF KNOXVILLE, TN  FLEET HEAVY EQUIPMENT SHOP 
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Location Name: Fleet Heavy Equipment Shop  
 
Location: 3407 Vice Mayor Jack Sharp Road  
 
Hours of Operation: 8 AM – 11 PM M-F  
 
Primary Use: Repair Shop  
 
Total SqFt: 16,178  
 
Construction Date: Completed early1970’s 
 
Construction: Main building is Metal Pre-Engineered with 10 garage doors. The Fires Station area 

is constructed of Brick and CMU. There are 5 garage doors in this area. 
 
Roof: Standing seam and low slope. 
 
Exterior Windows:  N/A 
 
Garage Doors 16 total non insulated track doors. 
 
Space Heating: 10 Natural gas hanging unit heaters in the garage. 
  
Space Cooling: Split system for the office area.  
 
EMS/Controls: Standard nonprogrammable thermostat 
 
Water Heating: 60 gallon electric water heater  
 
Water Fixtures: Fixtures are low flow and meet the needs of the facility. See Water ECM appendix 

for detailed information. 
 
Lighting: Facility is mainly T12.The remainder of the fixtures are HPS and MH. See Lighting 

ECM appendix for detailed information. 
 
 



CITY OF KNOXVILLE, TN                      FORT SANDERS FIRE STATION #9                                       
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Location Name:  Fort Sanders Fire Station #9  
 
Location: 1625 Highland Ave. 
 
Hours of Operation: 24 hours /7 days week 
 
Primary Use: Fire Station  
 
Total Sq Ft: 14,032 sq ft  
 
Construction Date: Constructed 1967 
 
Construction: CMU, Concrete, Brick 
 
Roof: Standing Seam and Low Slope EPDM 
 
Exterior Windows:  Double Pane 
 
Space Heating:           2 hanging NG unit heaters in the garage area. 2 RTU’s  located on the roof at the 

back of the building. 1 split system for the front area located near the opening to the 
garage.  

 
Space Cooling: See space heating  
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 119.9 and a 120 gallon electric water heater 
 
Water Fixtures:           Majority of the fixtures at this location are high consumption. See Water ECM  

appendix for details 
 
Lighting:                     The majority of fixtures in this facility are T12.  See Lighting ECM appendix for 

details. 



CITY OF KNOXVILLE, TN  FOUNTAIN CITY FIRE STATION #15 
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Location Name: Fountain City Fire Station #15  
 
Location: 5301 Jacksboro Pike  
 
Hours of Operation: 24/7  
 
Primary Use: Fire Station  
 
Total SqFt: 5,229 sqft  
 
Construction Date: Completed early 1960’s 
 
Construction: Brick and CMU 
 
Roof: Asphalt Shingle 
 
Exterior Windows:  Single Pane 
 
Space Heating: 2 electric plug in heaters in the bedrooms.  1 electric hanging unit heater in the 

garage. 
 
Space Cooling: 1 split system with NG furnace. 
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 80 gallon natural gas water heater  
 
Water Fixtures: All fixtures are high consumption. See water ECM  appendix for detailed 

information. 
 
Lighting: Facility mainly utilizes T12 fixtures with a small amount of energy efficient compact 

fluorescent bulbs. See lighting appendix for detailed information. 
 



CITY OF KNOXVILLE, TN  FOUNTAIN CITY RECREATION CENTER 
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Location Name: Fountain City Recreation Center 
 
Location: 3701 Ludo Road 
 
Hours of Operation: No schedule 
 
Primary Use: Leased to Commission  
 
Total SqFt: 3,688 
 
Construction Date: Completed 1962 
 
Construction: Brick and CMU 
 
Roof: Standing Seam 
 
Exterior Windows:  Single Pane 
 
Space Heating: Wall hung heaters (electric)  
 
Space Cooling: Central AC system condenser,  
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 40 Gallon Electric Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility utilizes incandescent fixtures. See Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN  HAPPY HOMES COMMUNITY CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Happy Homes Community Center 
 
Location: 5329 Montwood Drive 
 
Hours of Operation: No schedule 
 
Primary Use: Community Center 
 
Total SqFt: 1535 
 
Construction Date: Completed 1930’s 
 
Construction: Brick and CMU 
 
Roof: Asphalt Shingle 
 
Exterior Windows:  Single Pane 
 
Space Heating: Central HVAC – 1 unit, (electric) heat,  
 
Space Cooling: N/A 
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 30 gallon electric water heater 
 
Water Fixtures: All fixtures are high consumption. See Appendix for detailed information. 
 
Lighting: Facility utilizes T12 and incandescent. See Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN  INSKIP-NORWOOD FIRE STATION #14 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Inskip-Norwood Fire Station #14  
 
Location: 5400 Central Avenue  
 
Hours of Operation: 24/7 
 
Primary Use: Fire Station  
 
Total SqFt: 4,793  
 
Construction Date: Completed early 1960’s 
 
Construction: CMU, and Brick 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Single Pane 
 
Space Heating: 2 hanging natural gas unit heaters in bays  
 
Space Cooling: 1 split system with NG furnace. See space heating for additional information. 
 
EMS/Controls: Nonprogrammable thermostats 
 
Water Heating: 75 gallon electric water heater  
 
Water Fixtures: All fixtures are high consumption. See Water ECM appendix for detailed 

information. 
 
Lighting: Mainly consisting of T12. The facility still utilizes T8 fixtures in a few fixtures as 

well as incandescent.  See Lighting ECM appendix for detailed information. 
 
 



CITY OF KNOXVILLE, TN  INSKIP POOL BUILDINGS 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Inskip Pool Buildings 
 
Location: 4204 Bruhin 
 
Hours of Operation: 9AM to 6PM, Sun – Sat, through Summer 
 
Primary Use: Concessions and Locker Rooms 
 
Total SqFt: 2,541 sqft 
 
Construction Date: Completed 1950’s 
 
Construction: CMU 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Single Pane 
 
Space Heating: N/A 
 
Space Cooling: Spilt System w/ electric heat. 
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 60 Gallon Electric Water Heater 
 
Water Fixtures: Current fixtures are high flow. See Appendix for detailed information. 
 
Lighting: Majority of fixtures are T12’s. The remaining are 23W compacts.  See Appendix for 

detailed information. 
 
 



CITY OF KNOXVILLE, TN  INSKIP – NORWOOD RECREATION CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Inskip – Norwood Recreation Center 
 
Location: 301 Inskip Drive 
 
Hours of Operation: 9AM – 9PM M-F; Rentals on weekends 
 
Primary Use: Recreation Center 
 
Total SqFt: 4,199 SFT 
 
Construction Date: Completed 1963 
 
Construction: Brick, CMU, and standing seam façade. 
 
Roof: Standing Seam. 
 
Exterior Windows:  Double Pane 
 
Space Heating: Electric wall heaters  
 
Space Cooling: Packaged unit 
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 40 Gallon Electric Water Heater 
 
Water Fixtures: Majority of the fixtures are high flow. See Appendix for detailed information. 
 
Lighting: Majority of fixtures are T12. See Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN  JOHN J. DUNCAN FIRE STATION #21 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: John J. Duncan Fire Station #21  
 
Location: 245 Perimeter Park  
 
Hours of Operation: 24/7  
 
Primary Use: Fire Station  
 
Total SqFt: 5,976 sqft  
 
Construction Date: Completed 2000 
 
Construction: Brick and CMU 
 
Roof: Asphalt Shingle 
 
Exterior Windows:  Single Pane 
 
Space Heating: Natural gas unit heaters in bay,  
 
Space Cooling: 3 split systems with NG furnaces.  
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating:  75 gallon natural gas water heater 
 
Water Fixtures: Majority of fixtures are high flow. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. See Appendix for detailed information. 



CITY OF KNOXVILLE, TN JOHN T. O’CONNER SENIOR CITIZEN’S CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: John T. O’Conner Senior Citizen’s Center 
 
Location: 611 Winona Street 
 
Hours of Operation: 7AM – 5 PM M-F; Rentals on Weekends 
 
Primary Use: Senior Center  
 
Total SqFt: 33,885 sqft 
 
Construction Date: Completed 1970’s, Renovated 2006 
 
Construction: Stucco, CMU, and Brick 
 
Roof: Low slope EPDM and standing seam. 
 
Exterior Windows:  Some location have double pane, only a few locations still have single pane. 
 
Space Heating: Natural Gas Boiler,  
 
Space Cooling: Chiller, (6) HVAC systems – heat pumps and electric heat 
 
EMS/Controls: Standard non programmable thermostats. LES Controller for lights 
 
Water Heating: Several electric water heaters 
 
Water Fixtures: Majority of fixtures are low flow. See Appendix for detailed information. 
 
Lighting: Facility has updated the majority of fixtures to T8. See Appendix for detailed 

information. 
 



CITY OF KNOXVILLE, TN                          K-9 KENNEL                                       

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: K-9 Kennel  
 
Location: 3450 Vice Mayor Jack Sharp Road  
 
Hours of Operation: Varies on work schedules of officers 
 
Primary Use: Kennel and office  
 
Total Sq Ft: 4800 sq ft.  
 
Construction Date: Constructed 1983 
 
Construction: CMU and Vinyl Siding  
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Double Pane 
 
Space Heating: Hanging Gas Unit Heater 
 
Space Cooling: Heat pump  
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 80 Gal Electric  
 
Water Fixtures:           Current fixtures are high consumption. See appendix for details 
 
Lighting: The majority of fixtures in this facility are T12.  See appendix for details 
  



CITY OF KNOXVILLE, TN  KERR BUILDING 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Kerr Building 
 
Location: 3301 East Magnolia Ave.  
Hours of Operation: Mon-Sun - 8am-7pm   
 (Available for rent on the weekends) 
 
Primary Use: Community Center 
 
Total SqFt: 19,994 
 
Construction Date: Completed 1950’s 
 
Construction: Brick and CMU, CMU Interior Walls  
 
Roof: Low Slope EPDM 
 
Exterior Windows: N/A 
 
Space Heating: 2 hanging electric unit heater.  
 
Space Cooling: 1 window AC unit.  
 
EMS/Controls: Standard non programmable thermostat 
 
Water Heating: 40 Gallon Electric Water Heaters 
 
Water Fixtures: All fixtures at this location including the toilets and urinals are high consumption. 

See Appendix for detailed information.   
 
Lighting: Primarily T12 Fluorescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.  
 
 
 ( 
 



CITY OF KNOXVILLE, TN                                                              KFD ALARM BUILDING                                                      

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: KFD Alarm Building  
 
Location: 203 Locust 
 
Hours of Operation: Monday- Friday 7am-3:30pm  
 
Primary Use: Storage  
 
Total Sq Ft: 1,828 sq ft 
 
Construction Date: Constructed early 1960’s 
 
Construction: Brick and CMU 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Double Pane 
 
Space Heating: 1pad mount packaged unit with electric heat. 
 
Space Cooling: See space heating 
 
EMS/Controls: Standards Thermostat 
 
Water Heating: 40 gallon electric 
 
Water Fixtures:            Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: The majority of fixtures in this facility are incandescent.  See appendix for details 
  



CITY OF KNOXVILLE, TN                                                              KFD ANNEX  BUILDING  1                                                 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: KFD Annex Building 1 
 
Location: 3411 Vice Mayor Jack Sharp Rd. 
 
Hours of Operation: Monday- Friday 8am-5pm  
 
Primary Use: Office  
 
Total Sq Ft: 1,087 sq ft 
 
Construction Date: Constructed 1960’s 
 
Construction: Vinyl siding and wood frame 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Double Pane 
 
Space Heating: Split System with NG heat 
 
EMS/Controls: Nonprogrammable  Thermostat 
 
Water Heating: 100 Gal NG 
 
Water Fixtures:           Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Majority of the fixtures at this location are T-12. See appendix for details  



CITY OF KNOXVILLE, TN                                                              KFD ANNEX  BUILDING  2                                                 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: KFD Annex Building 2 
 
Location: 3411 Vice Mayor Jack Sharp Rd. 
 
Hours of Operation: Monday- Friday 8am-5pm  
 
Primary Use: Classroom trailer  
 
Total Sq Ft: 1,934 sq ft 
 
Construction Date: Constructed 2005 
 
Construction: Vinyl siding and Wood  
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Double Pane 
 
Space Heating: Pad mount packaged units with electric heat 
 
Space Cooling:  See space heating 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 40 gallon electric water heater 
 
Water Fixtures:            Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: The majority of fixtures in this facility are T12.  See appendix for details 



CITY OF KNOXVILLE, TN  KFD ANNEX BUILDING 3 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: KFD Annex Building 
 
Location: 3411 Vice Mayor Jack Sharp Road 
 
Hours of Operation: 7 AM to 5 PM, M-F 
 
Primary Use: Trailer with Shower Room 
 
Total SqFt: 1,184 sqft 
 
Makeup: Offices 
 
Construction Date: Completed 2006 
 
Construction: Brick and Vinyl siding 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Single Pane 
 
Space Heating: Split system with NG heat. 
 
Space Cooling: 1 window AC unit.  
 
EMS/Controls: Nonprogrammable  Thermostat 
 
Water Heating: Natural Gas Water Heaters 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information.. 
 
Lighting: Majority of the fixtures at this location are T-12. See Appendix for detailed 

information. 
 
 



CITY OF KNOXVILLE, TN  KFD ANNEX BUILDING 4 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: KFD Annex Building 4 
 
Location: 3411 Vice Mayor Jack Sharp Road 
 
Hours of Operation: No Schedule 
 
Primary Use: Storage 
 
Total SqFt: 2,800 sqft 
 
Construction Date: Completed 2006 
 
Construction: Stick build with Vinyl siding 
 
Roof: Asphalt Shingle 
 
Exterior Windows:  N/A 
 
Space Heating: Natural Gas Unit Heaters,  
 
Space Cooling: N/A 
 
EMS/Controls: N/A 
 
Water Heating: N/A 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Majority of the fixtures at this location ate T-12. See Appendix for detailed 

information. 
 
 



CITY OF KNOXVILLE, TN                                                               KFD TRAINING CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: KFD Training Center 
 
Location: 3411 Vice Mayor Jack Sharp Road 
 
Hours of Operation: 7 AM to 5:30 PM, M-F 
 
Primary Use: Fire Training Office Classrooms 
 
Total Sq Ft:                   3.476 sq ft 
 
Construction Date: Completed late 1960’s 
 
Construction: Brick and CMU 
 
Roof: Standing Seam and low Slope EPDM 
 
Exterior Windows: Double Pane  
 
Space Heating: See space cooling 
 
Space Cooling: 2 split systems with NG furnaces 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 80-Gallon Electric Water Heaters 
 
Water Fixtures:            This facility utilizes high consumption water fixtures. See Water ECM appendix for 

details 
 
Lighting: The majority of fixtures in this facility are T12’s.  See  Lighting ECM appendix for 

details.  



CITY OF KNOXVILLE, TN  KPD/COMPONENTS SHOP 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name KPD/Components Shop:  
 
Location: 917 5th Avenue  
 
Hours of Operation: 8 AM – 4:30 PM M-F  
 
Primary Use: Repair shop, storage  
 
Total SqFt: 7,000 SQFT  
 
Construction Date: Completed 1960’s 
 
Construction: Metal building 
 
Roof: Standing Seam 
 
Exterior Windows: N/A 
 
Space Heating: 2 Natural gas unit heaters.  
 
Space Cooling: Window AC Unit 
 
EMS/Controls: N/A 
 
Water Heating: 80 gallon electric water heater  
 
Water Fixtures: This facilities fixtures are high flow. See Appendix for detailed information. 
 
Lighting: Majority of the fixtures are T12. See Appendix for detailed information. 
 
 



CITY OF KNOXVILLE, TN  KPD IMPOUND LOT 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: KPD Impound Lot 
 
Location: Prosser Rd. 
 
Hours of Operation: 24 hours per day. 
 
Primary Use: Processing center and storage lot for impounded cars 
 
Total SqFt: 1,100 
 
Construction Date: Completed 1980’s 
 
Construction: Brick and CMU with wood facade 
 
Roof: Asphalt Shingles. 
 
Exterior Windows:  Single P. Windows. There are also security grade windows in the interior of the 

building. 
 
Space Cooling/  
Heating: Split system with NG heat.  
 
Space Cooling: Small window AC and split unit in Gym;  
 
EMS/Controls: nonprogrammable thermostat 
 
Water Heating: 40 Gallon Electric Water Heater 
 
Water Fixtures: All fixtures are high consumption. See Appendix for detailed information. 
 
Lighting: Majority of the fixtures are T12 and incandescent. See Appendix for detailed 

information. 



CITY OF KNOXVILLE, TN  KPD/MOTORCYCLE SHOP 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: KPD/Motorcycle Shop  
 
Location: 917 5th Avenue  
 
Hours of Operation: 8 AM – 4:30 PM 7 days a week  
 
Primary Use: Office motorcycle storage  
 
Total SqFt: 1,500 sqft   
 
Construction Date: Completed early 1960’s 
 
Construction: Metal façade and CMU. 1 garage door on a track. 
 
Roof: Standing seam 
 
Exterior Windows:  Single Pane 
 
Space Cooling: Split system with  natural gas heat,  
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 40 Gal electric 
 
Water Fixtures: The facilities fixtures are high flow. See Appendix for detailed information. 
 
Lighting: The facility utilizes T12 fixtures. See Appendix for detailed information. 



CITY OF KNOXVILLE, TN  KPD 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: KPD  
 
Location: 917 5th Avenue  
 
Hours of Operation: 8 AM – 4:30 PM M-F  
 
Primary Use: Offices  
 
Total SqFt: 8,750  
 
Makeup: 8,750 heated and air conditioned  
 
Construction Date: Completed early 1960’s 
 
Construction: Metal façade, Brick. 
 
Roof: Rolled Asphault. 
 
Exterior Windows:  Double P. 
 
Space Cooling: 2 Split systems, natural gas heat, 5 years old, good condition  
 
EMS/Controls: Standard nonprogrammable thermostat 
 
Water Heating: (2) 50 gallon electric water heaters  
 
Water Fixtures: Current water fixtures are high consumption water fixtures with new lower water 

consumption fixtures to those that apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. There are few incandescent fixtures.  See 

Appendix for detailed information. 
 
  



CITY OF KNOXVILLE, TN  LARRY COX SENIOR CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Larry Cox Senior Center 
 
Location: 3109 Ocoee Trail 
 
Hours of Operation: 9AM to 6PM M-F; some rentals 
 
Primary Use: Recreation Center 
 
Total SqFt: 3,710 
 
Construction Date: Completed 1962 
 
Construction: Brick and CMU 
 
Roof: Standing seam 
 
Exterior Windows:  Double pane. 
 
Space Heating: Wall unit heaters, electric wall heaters,  
 
Space Cooling: Split AC unit, no heat evaporators,  
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 40 Gallon Water Heater (electric) 
 
Water Fixtures: Facilities at this location are high flow. See Appendix for detailed information. 
 
Lighting: Facilities fixtures are T12s and incandescent bulbs. See Appendix for detailed 

information. 



CITY OF KNOXVILLE, TN  LOCUST STREET GARAGE 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Locust Street Garage 
 
Location: 540 Locust St 
 
Hours of Operation: -Mon-Sun - 24hrs   
 
Primary Use: Public Parking Garage 
 
Total SqFt: 240 sqft (Office) 
 
Makeup: Facility is used for public parking. 
 
Construction Date: Completed 1974 
 
Construction: Brick, Concrete, and CMU 
 
Roof: Standing Seam roof over the Stairwell. 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: N/A 
 
Space Cooling: N/A 
 
EMS/Controls: N/A.   
 
Water Heating: 10 gal electric   
 
Water Fixtures: N/A.   
 
Lighting: Primarily T12 Flourescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.   
 
Elevator: (1) Passenger Elevator 



CITY OF KNOXVILLE, TN                         LONSDALE FIRE STATION #7                                       

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Lonsdale Fire Station #7  
 
Location: 1216 New York Ave.  
 
Hours of Operation: 24 hours /7 days week 
 
Primary Use: Fire Station  
 
Total Sq Ft: 3,456 sq ft  
 
Construction Date: Constructed 1940’s main building , addition early 1980’s 
 
Construction: Brick and Wood 
 
Roof: Shingle 
 
Exterior Windows:  Double Pane 
 
Space Heating:           2 hanging natural gas unit in bay 
 
Space Cooling: 1 split system with NG heat  
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 80 gallon natural gas water heater 
 
Water Fixtures:            See appendix for details 
 
Lighting: The majority of fixtures in this facility are T12’s.  See appendix for details  



CITY OF KNOXVILLE, TN  LONSDALE FAMILY CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Lonsdale Family Center 
 
Location: 2700 Stonewall 
 
Hours of Operation: 9AM to 9PM M-F; Rentals on Weekends 
 
Primary Use: Recreation Center 
 
Total SqFt: 3,688 SQFT 
 
Construction Date: Completed 1962 
 
Construction: Brick and CMU 
 
Roof: Standing seam. 
 
Exterior Windows:  Front of the building has double pane while the remaining buildings windows are 

double pane. 
 
Space Heating: Electric wall heaters, electric unit heaters,  
 
Space Cooling: Small window AC and split unit in Gym;  
 
EMS/Controls: nonprogrammable thermostat 
 
Water Heating: 40 Gallon Electric Water Heater 
 
Water Fixtures: All fixtures are high consumption. See Appendix for detailed information. 
 
Lighting: Majority of the fixtures are T12 and incandescent. See Appendix for detailed 

information. 



CITY OF KNOXVILLE, TN  LONAS FIRE STATION #12 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Lonas Fire Station #12  
 
Location: 4620 Old Kingston Pike  
 
Hours of Operation: 24/7  
 
Primary Use: Fire Station  
 
Total SqFt: 4,980  
 
Construction Date: Completed 1970’s 
 
Construction: Stucco, Brick, and CMU 
 
Roof: Shingle 
 
Exterior Windows:  Single Pane 
 
Space Heating: 1 Hanging unit heater in bay, (natural gas)  
 
Space Cooling: 2 split systems with NG furnaces.  
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 75 gallon natural gas water heater  
 
Water Fixtures: Majority of the fixtures are high flow. See Appendix for detailed information. 
 
Lighting: This location uses T12’s. See Appendix for detailed information. 



CITY OF KNOXVILLE, TN  LYONS VIEW COMMUNITY CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Lyons View Community Center 
 
Location: 314 Layden Drive 
 
Hours of Operation: Closed 
 
Primary Use: Community Center 
 
Total SqFt: 2,234 
 
Makeup: Classrooms and Recreation Center.  
 
Construction Date: Completed 19? 
 
Construction: Brick and CMU 
 
Roof: Shingle 
 
Exterior Windows:  Single Pane 
 
Space Heating: Building boarded up 
 
Space Cooling: Building boarded up 
 
EMS/Controls: Building boarded up 
 
Water Heating: State tank, 40 gal electric – installed 1983. 
 
Water Fixtures: See Appendix for detailed information. 
 
Lighting: F40T 12’s.  See Appendix for detailed information. 
 
 



CITY OF KNOXVILLE, TN  MARKET SQUARE GARAGE 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Market Square Garage 
 
Location: 406 Walnut St. 
 
Hours of Operation: -Mon-Sun - 24hrs   
 
Primary Use: Public Parking Garage, with Office 
 
Total SqFt: 308 sqft (Office) 
 
Makeup: Facility is used for public parking. 
 
Construction Date: Completed 2000’s 
 
Construction: Brick, Concrete, and CMU 
 
Roof: Standing seam roof over the stairwell. 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: N/G 
 
Space Cooling: Wall-mounted A/C unit 
 
EMS/Controls: N/A 
 
Water Heating: (1) Small hot water heater 
 
Water Fixtures: N/A.   
 
Lighting: Primarily T12 Fluorescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information. 
 
Elevators (1) Passenger Elevator 



CITY OF KNOXVILLE, TN                         MECHANICVILLE FIRE STATION #5                                     
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Mechanicville Fire Station #5  
 
Location: 419 Arthur Street  
 
Hours of Operation: 24 hours /7 days week 
 
Primary Use: Fire Station  
 
Total Sq Ft: 7,950 sq ft  
 
Construction Date: Constructed 1909 
 
Construction: Brick 
 
Roof: Shingle 
 
Exterior Windows:  Single Pane 
 
Space Heating: 4 split systems with NG heat. 4 unit NG hanging unit heaters. 
 
Space Cooling: See space heating. 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 70 gallon natural gas water heater 
 
Water Fixtures:            See appendix for details. 
 
Lighting: The majority of fixtures in this facility are T12’s.  See appendix for details. 



CITY OF KNOXVILLE, TN  MILTON ROBERTS RECREATION CENTER 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

   
Location Name: Mitlon Roberts Recreation Center 
 
Location: 5900 Asheville Hwy 
 
Hours of Operation:    Mon-Thu - 1-9  Fri 10-6  
  
Construction Date: Completed 1970’s 
 
Construction Brick and CMU 
 
Roof: Low slope built up roof 
 
Exterior Windows:  Single Pane 
 
Space Heating: (4) Roof Top Units (see cooling below for type) 
  
Space Cooling: (2) Electric 20 ton American Standard Roof Top Units. 
  (2) Electric ? ton Trane Roof Top Units 
 
Water Heating: 40 gal electric 
  
Water Fixtures: Majority of the water fixtures are high consumption See attached Water ECM 

appendix for details. 
 
Lighting: Majority of the lights are T12. See attached Lighting ECM appendix for details. 
 
. 



CITY OF KNOXVILLE, TN                                                               MOSES TRAINING ACADEMY  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Moses Training Academy  
 
Location: 220 Carrick Street  
 
Hours of Operation: 24 hours daily 
 
Primary Use: Classrooms, offices  
 
Total Sq Ft: 10,995 sq ft  
 
Construction Date: Constructed 1916 
 
Construction: Brick 
 
Roof: Low slope EPDM 
 
Exterior Windows:  Single Pane 
 
Space Heating: Boiler, split systems, RTU  
 
Space Cooling: Chiller, RTU  
 
EMS/Controls: Standard Thermostat 
 
Water Heating: Electric Water Heating 
 
Water Fixtures:            See appendix for details 
 
Lighting:  The majority of fixtures in this facility are T8.  See appendix for details 
 



CITY OF KNOXVILLE, TN  NEW HOPE RECREATION CENTER 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: New Hope Recreation Center 
 
Location: 5900 Asheville Hwy 
 
Hours of Operation:    Mon-Thu - 1-9  Fri 10-6  
  
Construction Date: Completed 1975 
 
Construction: Brick and CMU 
 
Roof: Low slope build up roof. Newly installed spring of 09 
 
Exterior Windows:  Single Pane 
 
Space Heating: Newly installed system Packaged roof system. 
  
Space Cooling: Newly installed system 
 
Water Heating: 40 gallon electric water heater) 
  
Water Fixtures: Majority of the fixtures are high consumption. See attached water ECM appendix for 

details 
 
Lighting: Majority of the lights are T12. See attached lighting ECM appendix for details. 
 
 



CITY OF KNOXVILLE, TN  NORTHWEST FIRE STATION #17 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Northwest Fire Station #17  
 
Location: 4804 Oak Ridge Highway  
 
Hours of Operation: 24/7  
 
Primary Use: Fire Station  
 
Total SqFt: 4,793  
 
Construction Date: Completed mid 1960’s 
 
Construction: Brick and CMU 
 
Roof: Standing seam and low slope EPDM 
 
Exterior Windows:  Single Pane 
 
Space Heating: 2 hanging natural gas unit heaters in bays. 1 split system with NG heat.  
 
Space Cooling: 1 window AC unit 
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 80 gallon natural gas water heater  
 
Water Fixtures: The fixtures at this location are high flow. See Appendix for detailed information. 
 
Lighting: The majority of the fixtures are T12 and incandescent. See Appendix for detailed 

information. 
 
 



CITY OF KNOXVILLE, TN  OAKLAND RECREATION CENTER 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Oakland Recreation Center 
 
Location: 3816 Oakland Dr 
 
Hours of Operation: -Mon-Sun -  
 
Primary Use: Recreation Facility 
 
Total SqFt: 4,510 sqft 
 
Construction Date: Completed 1936 
 
Construction: Brick and CMU.  
 
Roof: Standing Seam and Low Slope Built up 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: Wall heaters (electric), 
 
Space Cooling: Window units,  
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 50 Gallon Electric Water Heater 
 
Water Fixtures: Toilets and urinals are high flow. See Appendix for detailed information.   
 
Lighting: Primarily T12 Flourescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.   
 



CITY OF KNOXVILLE, TN                         PARK CITY/PARK RIDGE FIRE STATION #4                                     
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Park City/Park Ridge Fire Station  #4  
 
Location: 2300 Linden Ave.  
 
Hours of Operation: 24 hours /7 days week 
 
Primary Use: Fire Station  
 
Total Sq Ft: 5,618 sq ft  
 
Construction Date: Constructed 1967 
 
Construction: Brick and CMU 
 
Roof: Shingle 
 
Exterior Windows:  Double Pane 
 
Space Heating: 2 hanging unit heaters utilizing NG. 
 
Space Cooling: 3 split systems with NG furnaces. 
 
EMS/Controls:             Standard Thermostat 
 
Water Heating: 80 gallon natural gas water heater 
 
Water Fixtures:           Facility utilizes high consumption water fixtures. See Water ECM appendix for 

details 
 
Lighting:  facility utilizes T12 in the majority of the fixtures.  See lighting ECM appendix for 

details 



CITY OF KNOXVILLE, TN  PENSION BOARD 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Pension Board  
 
Location: 917 5th Avenue  
 
Hours of Operation: 8 AM – 4:30 PM M-F  
 
Primary Use: Offices  
 
Total SqFt: 2,000 sqft  
 
Construction Date: Completed early 1960’s 
 
Construction: Aluminum siding and wood frame. 
 
Roof: Rolled tar roof 
 
Exterior Windows: Single Pane  
 
Space Heating: See Space cooling 
 
Space Cooling: Split system with NG furnaces  
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 40 gal electric 
 
Water Fixtures: Majority of the fixtures are high consumption See Appendix for detailed 

information. 
 
Lighting: Majority of the fixtures are T12 with a few fixture utilizing incandescents. See 

Appendix for detailed information. 
 
 



CITY OF KNOXVILLE, TN                         PHIL E KEITH TRAINING CENTER                                     
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Phil E. Keith Training Center  
 
Location: 6388 Cement Plant Road  
 
Hours of Operation: Mon-Fri 7am-4pm   Some nights and weekends 
 
Primary Use: Classrooms, offices  
 
Total Sq Ft: 3,000 sq ft  
 
Construction Date: Constructed 2001 
 
Construction: Brick and CMU  
 
Roof: Standing Seam 
 
Exterior Windows: Standing Seam  
 
Space Heating: Heat pump. Wall Unit Heater, PTAC 
 
Space Cooling: Heat pump , PTAC, 
 
EMS/Controls: Digital control system, installed 2001 
 
Water Heating: Electric  
 
Water Fixtures:           See appendix for details 
 
Lighting: The majority of fixtures in this facility are T8.  See appendix for details 



CITY OF KNOXVILLE, TN                       PUBLIC SERVICE DEPT./HORTICULTURE                                      
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Public service Dept./Horticulture 
 
Location: 1400 Lorraine Street 
 
Hours of Operation: 7:00 am- 4:30pm Mon-Thur, 7am-12pm Fri. 
 
Primary Use: Office & Shop 
 
Total Sq Ft: 2,997 sq ft  
 
Construction Date: Constructed early 1970’s 
 
Construction: Brick and CMU 
 
Roof: Low Slope EPDM 
 
Exterior Windows:  Single Pane 
 
Space Heating: Packaged RTU (electric heat)  
 
Space Cooling: See Above Heating 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 40 gallon water heater electric 
 
Water Fixtures:            See appendix for details 
 
Lighting: The majority of fixtures in this facility are T12’s.  See appendix for details. 
 
  



CITY OF KNOXVILLE, TN                       PUBLIC SERVICE DEPT./ZONES                                        

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Public Service Dept./Zones 
 
Location: 1400 Lorraine Street 
 
Hours of Operation: 7:30 am- 3:30 pm Mon-Fri 
 
Primary Use: Offices storage 
 
Total Sq Ft: 25,273 sq ft  
 
Construction Date: Constructed  Early 1950’s 
 
Construction: CMU and Metal building 
 
Roof: Standing Seam and EPDM 
 
Exterior Windows:  Single Pane 
 
Space Heating: Natural gas unit heaters  
 
Space Cooling: Split systems with NG furnaces. 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 2-80 gallon water heater natural gas 
 
Water Fixtures:            Facility utilizes high consumption fixtures. See Water ECM appendix for details 
 
Lighting: The majority of fixtures in this facility are T12’s.  See Lighting ECM  appendix for 

details  



CITY OF KNOXVILLE, TN                       PUBLIC SERVICE WAREHOUSE                                     

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Public Service Warehouse 
 
Location: 1400 Lorraine Street 
 
Hours of Operation: 7:00 am- 3:30pm Mon- Fri. 
 
Primary Use: Office & Shop 
 
Total Sq Ft: 8,777 sq ft :    
 
Construction Date: Constructed  1984 
 
Construction: Metal Building and CMM 
 
Roof: Standing Seam 
 
Exterior Windows:  N/A 
 
Space Heating: N/A 
 
Space Cooling: See Above 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 30 gallon water heater electric 
 
Water Fixtures:            See appendix for details 
 
Lighting: See appendix for details  



CITY OF KNOXVILLE, TN  RECREATION/ ATHLETICS 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Recreation/ Athletics 
 
Location: 917 5th Ave.. 
 
Hours of Operation: 8 AM – 5 PM M-F 
 
Primary Use: Offices, Recreation Facility 
 
Total SqFt: 5,000 sq ft 
 
Makeup: Office and meeting areas. 
 
Construction Date: Completed early 1960’s 
 
Construction: Brick and CMU.  
 
Roof: Shingle 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: See below 
 
Space Cooling: 2 HVAC systems  Split systems 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 60 gallon electric water heater 
 
Water Fixtures: Toilets and urinals are high flow. See Appendix for detailed information.   
 
Lighting: Primarily T12 fluorescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.   
 



CITY OF KNOXVILLE, TN  RECREATION/ STORAGE 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Recreation/ Storage 
 
Location: 917 5th Ave 
 
Hours of Operation: 8 AM – 4:30 PM M-F 
 
Primary Use: Storage facility  
 
Total SqFt: 4,375 sqft 
 
Construction Date: Completed 1974 
 
Construction: Brick and CMU.  
 
Roof: Standing Seam 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: See Space Cooling 
 
Space Cooling: 2 split systems with NG furnaces  
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 50 gallon electric water heater 
 
Water Fixtures: Toilets and urinals are high flow. See Appendix for detailed information.   
 
Lighting: Primarily T12 Flourescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.   
 



CITY OF KNOXVILLE, TN  RICHARD LEAKE RECREATION CENTER 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Richard Leake Recreation Center 
 
Location: 3511 Alice Bell Rd. 
 
Hours of Operation: -Mon-Sun -  
 
Primary Use: Recreation Facility 
 
Total SqFt: 5,000 sqft 
 
Makeup: This is a recreation facility with an indoor gym/basketball court, weight room, and 

classrooms.  
 
Construction Date: Completed 1974 
 
Construction: Brick and CMU.  
 
Roof: standing seam 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: Unit heaters in the gym- electric. Evaporator located overhead. Electric wall radiant 

heater in workout room.  
 
Space Cooling: See space Heating 
 
EMS/Controls: Standard Non programmable Thermostat 
 
 Water Heating: 40 gal electric 
 
Water Fixtures: Toilets and urinals are high flow. See Appendix for detailed information.   
 
Lighting: Primarily T12 Flourescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.   
 



CITY OF KNOXVILLE, TN  RIDLEY HELTON PARK 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Ridley Helton Park 
  
Location: 634 Jessamine St.  
Hours of Operation: -Mon-Fri- 6am-5pm 
 Field Lights used at night in the spring, summer, and fall. 
  
Primary Use: Recreation Field Maintenance and park 
 
Total SqFt: Building 3,000 sqft. 
 
Construction Date: Completed 1974 
 
Construction: Brick and CMU, CMU Interior Walls  
 
Roof: Standing Seam roof 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating and Cooling-  (5 ) Electric Hanging Unit Heaters Unit Heaters  
     (3) Heat pumps 
     (2) Split system 
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating:  30  gallon electrical. 
 
Water Fixtures: Low flow toilets. Retrofit Faucets.  See appendix for detailed information. 
 
Lighting: Primarily T8 Flourecent with a minimal amount of incandescent bulbs. See 

Appendix for detailed information.   
 
\ 



CITY OF KNOXVILLE, TN  SAFETY CITY  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Safety City  
 
Location: 165 S Concord Street  
 
Hours of Operation: Monday- Friday 8am-5pm  
 
Primary Use: Offices, classrooms  
 
Total Sq Ft: 6,650 sq ft  
 
Construction Date: Constructed Aug 2000 
 
Construction: Brick and CMU  
 
Roof: Standing Seam and low slope EPDM 
 
Exterior Windows:  Double Pane 
 
Space Heating: See Space Cooling 
 
Space Cooling: 4 Heat pumps  and 4 Rooftop units. Garages utilize hanging unit heaters with NG. 
 
EMS/Controls: Standard thermostat 
 
Water Heating: 40 gal electric   
 
Water Fixtures:            Facility utilizes low consumption fixtures . For more detail see Water ECM  

appendix for details 
 
Lighting: For more additional information see appendix for details  



CITY OF KNOXVILLE, TN                      SEVIER FIRE STATION #10                                       

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Sevier Fire Station #10  
 
Location: 2911 Sevier Ave. 
 
Hours of Operation: 24 hours /7 days week 
 
Primary Use: Fire Station  
 
Total Sq Ft: 12,904 sq ft  
 
Construction Date: Constructed 1990 
 
Construction: Brick and CMU 
 
Roof: Standing Seam and EPDM 
 
Exterior Windows:  Double Pane 
 
Space Heating:          Hanging unit heaters (natural gas)  
 
Space Cooling: Split systems with NG furnaces. 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: 80 gallon electric water heater 
 
Water Fixtures:            See appendix for details 
 
Lighting: The majority of fixtures in this facility are T12’s.  See appendix for details 



 SOLID WASTE TRANSFER STATION 
CITY OF KNOXVILLE, TN CARDBOARD RECYCLING 
 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Solid Waste Transfer Station, Cardboard Recycling 
 
Location: 1033 Elm Street 
 
Hours of Operation: 7 AM – 4 PM, M-F; 7AM – 12PM, Sat 
 
Primary Use: Recycling 
 
Total SqFt: 4,375 
 
Makeup: 200 SF is heated and air-conditioned space 
 
Construction Date: Unable to find documentation on construction date. 
 
Construction: Pre-fabricated metal building 
 
Roof: Standing Seam  
 
Exterior Windows:  N/A 
 
Space Heating: N/A 
 
Space Cooling: Through-the-wall HVAC, 13 years old, poor condition 
 
Water Heating: 40 Gallon Electric Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: See Appendix for detailed information. 
 
:  



 SOLID WASTE TRANSFER STATION  
CITY OF KNOXVILLE, TN HOUSEHOLD HAZARDOUS WASTE 
 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Solid Waste Transfer Station – Household Hazardous Waste 
 
Location: 1033 Elm Street 
 
Hours of Operation: 7 AM to 4 PM, M-F; 7 AM to 12 PM, Sat 
 
Primary Use: Office, Waste Sorting 
 
Total SqFt: 3,847 
 
Makeup: 3000 SF is heated and air-conditioned space 
 
Construction Date: Unable to find the date of construction. 
 
Construction: Brick/ CMU. 
 
Roof: Asphault Shingles 
 
Exterior Windows:  Double P.  
 
Space Cooling/ Heating: HVAC units (electric heat), approx 13 years old and 3 years old, good condition 
 
Water Heating: 40 Gallon Electric Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information.. 
 
Lighting: F40T12’s. See Appendix for detailed information. 
 
  



 SOLID WASTE TRANSFER STATION 
CITY OF KNOXVILLE, TN COMPACTOR 
 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Solid Waste Transfer Station -- Compactor 
 
Location: 1033 Elm Street 
 
Hours of Operation: 7 AM to 4 PM, M-F; 7 AM to 12 PM, Sat 
 
Primary Use: Waste Disposal 
 
Total SqFt: 10,175 
 
Makeup: 100 SF is heated and air-conditioned space 
 
Construction Date: Completed 1994 
 
Construction: Pre fabricated metal building. 
 
Roof: Standing Seam. 
 
Exterior Windows:  There are none on the main structure. The office located within the facility has 

single pain lexan windows. 
 
 
Space Cooling/ Heating: Window unit with heat, poor condition 
 
EMS/Controls: N/A  
 
Water Heating: N/A 
 
Water Fixtures: This facility does not have water features that will be addressed in this project. See 

attached Appendix for information. 
 
Lighting: This facility utilizes high bay metal halide fixtures. See Appendix for detailed 

information. 
 
 



 SOLID WASTE TRANSFER STATION 
CITY OF KNOXVILLE, TN SCALE HOUSE 
 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Solid Waste Transfer Station – Scale House 
 
Location: 1033 Elm Street 
 
Hours of Operation: 7 AM to 3 PM, M-F; 7 AM to 12 PM, Sat 
 
Primary Use: Office 
 
Total SqFt: 176 sqft 
 
Makeup: Heated and air-conditioned office space 
 
Construction Date: Unable to find the date of construction for this facility. 
 
Roof: Asphault Shingles 
 
Exterior Windows:  Single P. sliding windows 
 
Space Cooling/ Heating: Through-the-wall unit, approx 13 years old, good condition 
 
Water Heating: N/A 
 
Water Fixtures: There is no domestic water being used in this facility. 
 
Lighting: F40T12’s. See Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN  SOUTH KNOXVILLE COMMUNITY CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: South Knoxville Community Center 
 
Location: 522 Old Maryville Pike.  
 
Hours of Operation: Mon-Sun - 8am-7pm   
 (available for rent on the weekends) 
 
Configuration: 37,240 SQ FT 
 
Makeup: (1) Indoor Pool. 
 (1) Indoor Basketball Court. 
 (1) Boys and Girls Club.  
 
Construction Date: Completed 1974 
 
Construction: Brick and CMU  
 
Roof: Pitched, EPDM 
 
Exterior Windows: Single Pane 
 
Space Heating: (2) Singer Unit Heaters with non-programmable thermostats. 
 (4) 28’ Ceiling hung NG radiant heaters (pool area)  non-programmable thermostat. 
 (1) Dayton Unit Heater with non-programmable thermostat. 
  
Space Cooling: (5) Electric 20 ton RHEEM units electric heat and expansion cooling. 
 
Water Heating: (1) 1,000 gallon electrical. 
  
Pool ; (1) Haywood NG pool water heater. 
 (3) High Rate Sand Filters. 
 (1) 5HP motor. 
 
Water Fixtures: This facility utilizes high consumption fixtures. For additional information see  

Water ECM appendix for details 
 
Lighting: The majority of the lights utilize T12 fixtures. For additional information attached 

lighting ECM appendix for details 
 
 



CITY OF KNOXVILLE, TN  SOUTH KNOXVILLE FIRE STATION #13/19 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: South Knoxville Fire Station #13/19  
 
Location: 4701 Chapman Highway  
 
Hours of Operation: 24/7  
 
Primary Use: Fire Station  
 
Total SqFt: 4,403  
 
Makeup: 1,100 heated 
 3,303 heated and air conditioned  
 
Construction Date: Completed 1988 
 
Construction: Brick/ CMU/ and Stucco 
 
Roof: Standing Seam 
 
Exterior Windows:  Double P. 
 
Space Heating: Unit heater (natural gas) 3 years old, good condition  
 
Space Cooling: HVAC natural gas heat, 9 years old, good condition  
 
Water Heating: 100 gallon natural gas water heater  
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: 400 w metal halide in bays, F40 T12’s in the rest of the building. See Appendix for 

detailed information. 
  



CITY OF KNOXVILLE, TN  SOUTH KNOXVILLE OPTIMIST CLUB 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: South Knoxville Optimist Club 
 
Location: 6101 Moore Road 
 
Hours of Operation: No Schedule 
 
Primary Use: Community Center 
 
Total SqFt: 3,675 
 
Construction Date: Completed 1950’s 
 
Construction: CMU/ Brick 
 
Roof: Asphault Shingles 
 
Exterior Windows:  Single P. 
 
Space Heating: N/A 
 
Space Cooling/ Heating: Unit is inoperable.  It is being replaced.  It will be a HVAC  
 
EMS/Controls: Standard nonprogrammable thermostat 
 
Water Heating: 80 Gallon Electric Water Heater 
 
Water Fixtures: Current water fixtures are high consumption water fixtures with new lower water 

consumption fixtures to those that apply. See Appendix for detailed information. 
 
Lighting: F96T12’s. See Appendix for detailed information. 
 
  



CITY OF KNOXVILLE, TN  STATE STREET GARAGE AND STORAGE 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: State St. Garage and Storage 
 
Location: State St.  
 
Hours of Operation: Garage -Mon-Sun - 24hrs   
 Storage Area- Unoccupied, equipment runs 24 hours 
 
Primary Use: City Parking Garage, Police and City Storage 
 
Total SqFt: 64,000 
 
Makeup: 1st floor is used for City Storage. 2nd floor used for Police Department storage. 

Remaining area is parking.  There are 3 parking booths and 1 Security office. 
 
Construction Date: Completed mid 1970’s 
 
Construction: Brick and CMU, CMU Interior Walls  
 
Roof: Concrete parking deck 
 
Exterior Windows: Single-Pane, aluminum frame.  
 
Space Heating: (13) Electric Hanging Unit Heaters Unit Heaters  
 
Space Cooling: PTAC  in Security Office 
 
EMS/Controls: N/A 
 
Water Heating: 19 gallon electrical. 
 
Water Fixtures: Toilets and urinals are high flow. See Appendix for detailed information.   
 
Lighting: Primarily T12 Fluorescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.   
 
Elevator (1) Cargo Elevator 
 (1) Passenger Elevator 



CITY OF KNOXVILLE, TN                        TRAFFIC ENGINEERING COMPLEX BUILDING 1                                     
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Traffic Engineering Complex Building 1  
 
Location: 1025 Elm Street  
 
Hours of Operation: 8am-4:30 pm weekdays 24/7 for heating and cooling operation 
 
Primary Use: Storage 
 
Total Sq Ft: 7070 square feet  
 
Construction Date: Constructed 1953 
 
Construction: CMU and Brick 
 
Roof: Standing seam 
 
Exterior Windows:  Single Pane 
 
Space Heating: Split systems with NG heat. 
                                     2- Gas heaters mounted overhead in garage area. 
 
Space Cooling: See Space heating   
 
EMS/Controls: Thermostatic control installed as part of the ground mount heating and cooling 

system Thermostatic control installed with gas operated units in the garage  
 
Water Heating: Electric  
 
Water Fixtures:           This facility utilizes high consumption fixtures. For additional information see Water 

ECM appendix for details 
 
Lighting: For additional information see Lighting ECM  appendix for details  



CITY OF KNOXVILLE, TN                        TRAFFIC ENGINEERING COMPLEX BUILDING 2                                     
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Traffic Engineering Complex Building 2  
 
Location: 1025 Elm Street  
 
Hours of Operation: 8am-4:30 pm weekdays 24/7 for heating and cooling operation 
 
Primary Use: Office Space 
 
Total Sq Ft: 5060 square feet 
 
Construction Date: Constructed 1953 
 
Construction: CMU  
 
Roof: Shingle 
 
Exterior Windows:  Double Pane 
 
Space Heating: Split system with NG heat  
 
Space Cooling: See Space Heating  
 
EMS/Controls: Standard Thermostat        
 
Water Heating: Electric  
 
Water Fixtures:            See appendix for details 
 
Lighting: See appendix for details 



CITY OF KNOXVILLE, TN                        TRAFFIC ENGINEERING COMPLEX BUILDING 3                                     
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Traffic Engineering Complex Building 3  
 
Location: 1025 Elm Street  
 
Hours of Operation: Heated 24/7 during winter months 
 
Primary Use: 590-sq ft- garage/storage 
 
Total Sq Ft: 590 sq ft  
 
Construction Date: Constructed 1953 
 
Construction: CMU and Brick 
 
Roof: Shingle 
 
Exterior Windows:  Single Pane. 
 
Space Heating: Ceiling mounted electric heater 
 
Space Cooling: none 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: N/A  
 
Water Fixtures:          See appendix for details  
 
Lighting: See appendix for details 



CITY OF KNOXVILLE, TN                        TRAFFIC ENGINEERING COMPLEX BUILDING 4                                     
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Traffic Engineering Complex Building 4  
 
Location: 1025 Elm Street  
 
Hours of Operation: Lights on Mon-Fri 8am- 4:30pm.  Portion is heated/cooled 24/7 (210 sq ft) Portion is 
                                     Heated seasonally (2110 sq ft). 
 
Primary Use: Maintenance and Storage 
 
Total Sq Ft: 2320 square feet 
 
Construction Date: Constructed 1953 
 
Construction:  CMY and Brick 
 
Roof: Low Slope EPDM 
 
Exterior Windows:  Single Pane 
 
Space Heating: Two ceiling mounted gas  heaters 
 
Space Cooling: Wall mounted A/C unit 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: Electric  
 
Water Fixtures:           For additional information see Water ECM appendix for details 
 
Lighting: For additional information see Lighting ECM appendix for details 



CITY OF KNOXVILLE, TN                        TRAFFIC ENGINEERING COMPLEX BUILDING 5                                     
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Traffic Engineering Complex Building 5  
 
Location: 1025 Elm Street  
 
Hours of Operation: Lights on Mon-Fri 8am- 4:30pm.   Heated/cooled 24/7 
 
Primary Use: Screen Printing, Office Area and break Area. 
                                     
Total Sq Ft: 5235 square feet  
 
Construction Date: Constructed 1953 
 
Construction: CMU and Brick 
 
Roof: EPDM 
 
Exterior Windows:  Single Pane 
 
Space Heating: Two units central heating and cooling Gas/Electric 
 
Space Cooling: Wall mounted A/C unit 
 
EMS/Controls: Standard Thermostat 
 
Water Heating: Electric  
 
Water Fixtures:  See appendix for details 
 
Lighting: See appendix for details 



CITY OF KNOXVILLE, TN                        TRAFFIC ENGINEERING COMPLEX BUILDING 6                                    
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Traffic Engineering Complex Building 6  
 
Location: 1025 Elm Street  
 
Hours of Operation: Lights on Mon-Fri 8am- 4:30pm.   Heated 24/7 during winter 
 
Primary Use: Sign blade storage/work area 
                                     
Total Sq Ft: 3140 square feet  
 
Construction Date: Constructed 1978 
 
Construction: CMU 
 
Roof: Low Slope EPDM 
 
Exterior Windows:  N/A 
 
Space Heating: Electric/radiant 
 
Space Cooling: Split System with Electric heat 
 
EMS/Control             Standard Thermostat 
 
Water Heating: 119.9 gal Electric 
 
Water Fixtures:     Facility utilizes high consumption water fixtures. See Water ECM appendix for details 
 
Lighting: Facility utilizes T12 for a majority of their fixtures. See lighting ECM appendix for 

details  



CITY OF KNOXVILLE, TN  TYSON PARK CLUB HOUSE 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Tyson Park Club House 
 
Location: 2351 Kingston Pike 
 
Hours of Operation: Varies with the seasons 
 
Primary Use: Club House 
 
Total SqFt: 1,801 sqft 
 
Makeup: Bathrooms and Concessions 
 
Construction Date: Completed 1970’s 
 
Construction: CMU 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  N/A 
 
Space Heating: See cooling 
 
Space Cooling: 1 split system with electric heat  
 
EMS/Controls: Standard Nonprogrammable Thermostat 
 
Water Heating: 60 Gallon Electric Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. There are few incandescent fixtures.  See 

Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN  WEST HAVEN RECREATION CENTER 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: West Haven Recreation Center 
 
Location: 3622 Sisk Rd. 
 
Hours of Operation: 9AM to 9PM M-F; Rentals on Weekends 
 
Primary Use: Community Center.  
 
Total SqFt: 4,102 sqft 
 
Makeup: 4,102 SF of heated and air-conditioned space 
 
Construction Date: Completed 1980 
 
Construction: Brick and CMU 
 
Roof: Low Slope Rolled Bitmun  
 
Exterior Windows:  Double Pane  
 
Space Heating: 4 Electric hanging unit heaters located in the gym.  
 
Space Cooling: 1 exterior pad mount packaged unit with electric heat. 
 
EMS/Controls: Standard non programmable thermostat  
 
Water Heating: 40 Gallon Electric Water Heater 
 
Water Fixtures: Current water fixtures are high consumption water fixtures with new lower water 

consumption fixtures to those that apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. There are few incandescent fixtures.  See 

Appendix for detailed information. 
 



CITY OF KNOXVILLE, TN  WEST HILLS FIRE STATION #20 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: West Hills Fire Station #20  
 
Location: 200 Portsmouth Road  
 
Hours of Operation: 24/7  
 
Primary Use: Fire Station  
 
Total SqFt: 5,618   
 
Construction Date: Completed mid 1960’s 
 
Construction: CMU/ Brick 
 
Roof: Standing seam 
 
Exterior Windows:  Double P. 
 
Space Heating: Natural gas unit heaters in bays  
 
Space Cooling: HVAC units: electric heat, 10 years old, good condition  
 
EMS/Controls: Standard nonprogrammable thermostat 
 
Water Heating: 80 gallon natural gas water heater  
 
Water Fixtures: Current water fixtures are high consumption water fixtures with new lower water 

consumption fixtures to those that apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. See Appendix for detailed information. 
 
  



CITY OF KNOXVILLE, TN                      WHITTLE SPRINGS FIRE STATION #11                                     
  

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Whittle Springs Fire Station #11 
 
Location: 2600 Whittle Springs Rd. 
 
Hours of Operation: 24 hours /7 days week 
 
Primary Use: Fire Station  
 
Total Sq Ft: 7,148  
 
Construction Date: Constructed in the 1930’s 
 
Construction: Brick, CMU, and Wood 
 
Roof: Asphalt Shingles 
 
Exterior Windows:  Single and Double Pane 
 
Space Heating:            1 hanging unit heater (natural gas) in the garage. 
 
Space Cooling: 2 split systems with NG furnaces.  
 
EMS/Controls: Standard nonprogrammable thermostat 
 
Water Heating: 50 gallon electric water heater 
 
Water Fixtures:            Current water fixtures are high consumption water fixtures with new lower water 

consumption fixtures to those that apply. See Appendix for detailed information. 
 
Lighting: The majority of fixtures in this facility are incandescent.  See appendix for details 



CITY OF KNOXVILLE, TN  WHITTLE SPRINGS GOLF COURSE 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Whittle Springs Golf Course 
 
Location: Stonewall St. 
 
Hours of Operation: Monday-Sunday 7am – 7pm. 
 
Primary Use: 18 hole municipal golf course, club house, maintenance shop, and storage shed 
 
Construction Date: Completed 1950’s 
 
Construction: Club house is constructed of CMU and Brick. 
 Maintenance Shop, and Storage Shed is constructed of corrugated metal and wood. 
 
Roof: Clubhouse consists of Asphault Shingles and Bitmun. Maintenance Shop and 

Storage shed consist of Standing seam.  
 
Exterior Windows:  Single P. Windows.  
 
Space Cooling/  
Heating: 2 split system are used in the Clubhouse with NG heat. There are also electric 

hanging unit heaters located in the 2 restrooms. In the storage shed and maintenance 
shop there is not cooling systems. The areas are heated with NG hanging unit heaters 
and space heaters.   

 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 40 Gallon NG Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. There are few incandescent fixtures.  See 

Appendix for detailed information. 



CITY OF KNOXVILLE, TN  WMS GOLF COURSE 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: WMS Golf Course 
 
Location: 2335 Dandridge Ave. 
 
Hours of Operation: Monday-Sunday 7am – 7pm. 
 
Primary Use: 18 hole municipal golf course, club house, maintenance shop, and storage shed 
 
Construction Date: Completed 1950’s 
 
Construction: Club house is constructed of Wood, CMU and Brick. 
 Maintenance Shop, and Storage Shed is constructed of corrugated metal and wood. 
 
Roof: Clubhouse consists of Asphault Shingles. Maintenance Shop and Storage shed 

consist of standing seam.  
 
Exterior Windows:  Single P. Windows.  
 
Space Cooling/  
Heating: 3 electric split systems. In the storage shed and maintenance shop there is no cooling 

systems. The areas are heated with electric hanging unit heaters and space heaters.   
 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 50 Gallon NG Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. There are few incandescent fixtures.  See 

Appendix for detailed information. 



CITY OF KNOXVILLE, TN  WMS/ WEE GOLF COURSE 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: WMS/WEEGolf Course 
 
Location: 2721 Delrose Dr. 
 
Hours of Operation: Monday-Sunday 7am – 7pm. 
 
Primary Use: 18 hole municipal golf course, club house, maintenance shop, and storage shed 
 
Construction Date: Completed 1950’s 
 
Construction: Club house is constructed of CMU and Brick. 
 Maintenance Shop, and Storage Shed is constructed of corrugated metal and wood. 
 
Roof: Clubhouse consists of Asphault Shingles and Bitmun. Maintenance Shop and 

Storage shed consist of standing seam.  
 
Exterior Windows:  Single P. Windows.  
 
Space Cooling/  
Heating: 2 heat pumps and 1 system with electric heat are used in the Clubhouse. In the 

storage shed and maintenance shop there is no cooling systems. The areas are heated 
with electric hanging unit heaters and space heaters.   

 
EMS/Controls: Nonprogrammable thermostat 
 
Water Heating: 40 Gallon NG Water Heater 
 
Water Fixtures: Upgrade water fixtures with new lower water consumption fixtures to those that 

apply. See Appendix for detailed information. 
 
Lighting: Facility mainly consists of T12 fixtures. There are few incandescent fixtures.  See 

Appendix for detailed information. 



CITY OF KNOXVILLE, TN  WORLDS FAIR SECURITY BUILDING 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Worlds Fair Security Building 
 
Location: 945 Worlds Fair Park Dr. 
  
Hours of Operation: Mon-Sun - 24hrs   
 
Primary Use: Public Restrooms and Site Security Offices 
 
Total SqFt: 1,821 sqft 
 
Makeup: Offices for the Security Personnel for the Worlds Fair Park. There is also 1 large 

Men and 1 large Women’s restroom. 
 
Construction Date: Completed 2001 
 
Construction: Brick and CMU, CMU Interior Walls  
 
Roof: Low Slope EPDM 
 
Exterior Windows: Double-Pane, aluminum frame.  
 
Space Heating: See Space cooling 
 
Space Cooling: Split systems with NG furnaces. 
 
EMS/Controls: Programmable Thermostat 
 
Water Heating: 30  Gallon Electric Water Heater 
 
Water Fixtures: Toilets and urinals are high flow. See Appendix for detailed information.   
 
Lighting: Primarily T12 Fluorescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.   



CITY OF KNOXVILLE, TN  WORLDS FAIR PARK SUNSPHERE 

 
 “PAGE CONTENT IS SUBJECT TO CONFIDENTIALITY RESTRICTIONS” 

 

Location Name: Worlds Fair Park Sunsphere 
 
Location: 810 Church St   
  
Hours of Operation:- Overall Mon-Sun - Various hours  
 (available for rent on the 6th floor. 4th Floor is open Mon-Sun for visitors. 5th floor is 

a restaurant open Mon-Sat - 5pm-11pm. Offices on the 7th and 8th floor are Mon-Fri- 
8am-5pm. ) 

 
Primary Use: Offices, Restaurant, Museum, Meeting Rooms. 
 
Total SqFt: 13,000 sqft 
 
Makeup: This location is used for various locations. 
 
Construction Date: Completed 1982 
 
Construction: Steel Framing, Glass Windows, 
 
Roof: Low Slope EPDM 
 
Exterior Windows: Single Pane covering the top of the building creating a sphere. 
 
Space Heating: Closed loop heat pump; new units at Floor 4 and new boiler; new cooling tower 
 
Space Cooling: Chiller 
 
EMS/Controls: Nonprogrammable thermostats 
 
Water Heating: Boiler on Level 3 
 
Water Fixtures: Toilets and urinals are high flow. See Appendix for detailed information.   
 
Lighting: Primarily T12 Fluorescent with a minimal amount of incandescent and metal halide 

fixtures. See Appendix for detailed information.  
 
Elevators (3) Passenger Elevators. These are the original controllers and cars from construction 

of the Sunsphere. 
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Section 3: Project Development Plan 
 

anagement Approach 
Am ing a performance contract is designed to ensure that 

r project management philosophy.  Ameresco has one of the most 

Construction Management 
Am ct implementation in occupied facilities, 

ies, 

 management and maintenance 
 

s 

The the project timeline is to establish a well-defined and detailed project 
 

M
eresco’s comprehensive approach to manag

we deliver to the City the maximum value for the lowest possible cost.  We work closely with our 
customers to clearly define needs; we provide expert engineering and technical capabilities to 
maximize value to the customer throughout each phase of project development; and we 
communicate freely and openly.   

A key aspect to this approach is ou
experienced project management groups in the country – these professionals understand that any 
successful energy project begins with up-front planning and organization.  Successful projects also 
depend on the ability to make rapid and local decisions.  Our project teams are onsite and are 
empowered and encouraged to make all local site-specific decisions on all aspects of project 
performance. 

eresco has extensive experience in managing proje
including successful conservation programs in city, state, and county agencies, housing authorit
major military bases, and numerous colleges and universities.  

Ameresco will coordinate all construction efforts with building
personnel.  In order to avoid conflict with building operations, Ameresco will submit a detailed
construction schedule at the Pre-Construction kick-off meeting.  All shutdowns of existing 
equipment and testing will be coordinated through building management.  Also, ongoing progres
meetings will be scheduled to facilitate continuous communication.  

Communication 

 first step in controlling 
schedule. This task is undertaken by the local Project Manager with assistance from the customer,
Mr. Plack, Director of Project Development and Mr. Allingham, Director of Construction. The 
project schedule will include a development and an implementation phase.   
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The development phase of the project will involve a preliminary and investment grade energy audits. 
Tasks such as determination of site and equipment condition, on-site data gathering, approvals, 
financial analysis, securing of project financing etc. will also be accounted for when establishing the 

es to be installed during the implementation phase. 
Then the order in which the measures are to be implemented and at which facilities they are to be 

project schedule for the development phase.  

The team will then collectively, along with the City’s staff, determine the scope of energy 
conservation and facility improvement measur

implemented will be determined next. 

Scheduling Project Development Activities: The process begins with the establishment of proje
tasks and an estimate of the time durati

ct 
on of each activity.  Ameresco’s experience in performance 

contracting allows us to anticipate many of the questions that a customer may have during this phase.  

nergy use profile 

existing systems and equipment 

sures 

s and savings 

y the City 

ocuments 

orts  

rement and Verification and Commissioning 
Procedures. 

• Negotiate contract terms 

ction/Implementation/Financing Phase:  Ameresco offers the City the 
on in successful projects as evidence of our success at 

In the Project Development Phase, scheduling includes the following activities:    

• Execute Energy Services Agreement (ESA) 

• Interviews with the City personnel 

• Security clearance and access 

• Schedule escorts 

• Site visits 

• Modeling on site e

• Inventory 

• Investigate energy conservation mea

• Internal reviews  

• City reviews of recommendations 

• Estimation of cost

• Initial financing scenario reviews b

• Draft contract language  

• Detailed engineering  

• Preparation of scope bid d

• Preparation of cost rep

• Preliminary review of Training, Measu

Scheduling Constru
experience of implementing over $4.5 billi
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scheduling and coordinating the construction and implementation of your project.  As the project 
moves into the construction phase, the project more closely resembles a typical design build proje
with important exceptions.  Since the long-term performance of the contact is dependent upon the
correct maintenance and operations of the installed Energy Conservation Measures (ECM) and the 
savings must be validated periodically, specific action items must be scheduled in addition to the 
target of completing the job on time and on budget.  So in addition to the scheduling of tasks related
to the procurement, review installation and commissioning of individual ECMs, additional tasks must 
be scheduled to implement extensive training for both maintenance and operation.  Lastly, the 
Measurement and Verification (M&V) measures must be configured and ready to start once the 
project reaches completion. 

Typical tasks scheduled in th

ct 
 

 

is phase include the following 

• Execution of Energy Services Agreement (ESA) 

Security clearance and access 

City facilities 

r Awards 

• Submittal Review and Approval 

• Procurement of Equipment for ECMs 

• Installation of Equipment for ECMs 

• Installation and commissioning of monitoring equipment 

• Staff Familiarization with ECMs 

 Commissioning  

 Training of Staff in Operations and Maintenance 

 Start Monitoring and Verification  

 on a weekly basis with the City, all subcontractors and 
consultants, by Ameresco. As described above, this schedule will be used not only to track and 

y 

ll the tasks for the development and implementation phases will be 
developed thoroughly by the project team in close coordination with the City staff. These tasks will 
t roject 

 

• 

• Orientation for working at the 

• Scheduling of escorts 

• Mobilization 

• Kick off Meeting 

• Subcontracto

 

 

 

 

•

•

•

This schedule will be used to track progress

control the project at a local level, but will also be used by Ameresco Management to ensure deliver
of a successful project. 

Software Systems:  A

hen be inputted into the state-of-the-art Microsoft Project software for projecting the total p
timeline, estimating manpower loading, and ensuring that there is no overlapping of critical activities
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that will affect the project implementation schedule. The timeline is finally approved internally by 
Ameresco management staff and then used diligently by the field staff to track the development of 
the project. The project schedule is a living document and is constantly updated during the project
life by the Project Manager. Any changes to the project schedule are communicated immediately to 
the City. 

Ameresco

 

 uses Microsoft Project as an internal company standard, although personnel are also 
qualified to use other scheduling software systems, such as Primavera and Peachtree. 

ation and 
management.  The schedule is the primary communication tool with the customer and 
s ess 

contractors 
 

 

with the 
project development phase and extending through construction and implementation, training and 

Ameres rkshops during all phases of the projects to ensure that 
ther n with the customer staff and that the goals and 

 City 

• Disruptions to normal City operations  

• Shutdown or interruption of utilities, equipment or systems 

• Housekeeping issues throughout construction 

• Construction safety issues relating to subcontractors, hazardous materials, traffic, 

c. 

, and other City requirements 

Scheduling as a Management Tool: Ameresco uses scheduling for both communic

ubcontractors and as the primary tool upper management at Ameresco uses to review the progr
and performance of the project.  The schedule will be reviewed with the City and all sub
on a weekly basis, and upper management at Ameresco reviews the schedule progress monthly, along
with running cost estimates and “look ahead” projections of cost, time, and outstanding issues.  Due
to this constant overview, Ameresco management can adjust the resources committed to a project, 
and will dedicate additional resources to the project in order to meet or exceed schedules.  

As mentioned earlier, Ameresco schedules all phases of a performance contract, beginning 

commissioning, and ending with the Measurement and Verification (M&V) Phase. 

Reporting Project Progress 

co anticipates organizing project wo
e is proper and frequent communicatio

expectations are properly communicated and understood by both the teams.  During the 
construction phase critical issues will be identified, addressed and properly communicated to
staff. Following are examples of such critical issues: 

• Work scheduling 

• Security or escort issues 

 

 

 

 
construction areas, etc. 

• Location of equipment, tools, temporary offices, parking for construction team, et

• Permits, rules and regulations



 

The communication procedures and tools that Ameresco will utilizes on its project that will support 
efficient project execution, maintain strong internal communication and project controls and 
maintaining on-going communication with the City are described in detail below: 

Daily Project Monitoring 

Throughout the project, the Project Manager will maintain daily contact with the key individuals 
leading the primary areas of work such as the project engineering and analysis team during the 
development, engineering and construction phase.  As the project evolves and activity increases in 
other areas of a project, the activity by other resources such as cost estimating, M&V or O&M 
personnel increases.  The Project Manager will also maintain daily communication with the key 
individuals to ensure tasks are on track and potential problems or schedule delays eliminated. 

Weekly Project Meetings 

The Project Manager will lead weekly project status meetings with the City staff and the Ameresco 
team to gauge status, track progress, and identify major issues.  Each week a “look-ahead” review will 
be conducted in order to properly anticipate upcoming activities and provide adequate notice to 
other resources that will be required.  Ameresco emphasizes effective planning and project control 
on multi-phase projects to ensure the demands on resources are managed properly.  The top priority 
is to ensure coordination with customer staff to eliminate potential scheduling and project 
coordination conflicts. 

Weekly Progress Schedules 

Each week the Project and Construction Manager will review project status with the team and 
customer personnel to track project progress.  As noted earlier, Ameresco utilizes the latest 
scheduling software (Microsoft Project) to schedule all activities.  Weekly schedule updates will be 
issued to the customer team, subcontractors and Ameresco management.  Key milestone events 
from the project will be combined with major activities and consolidated on a single schedule.  This 
summary schedule provides senior management a clear picture of all significant project events and 
deadlines. This information will also be communicated to the City staff on a regular basis. 
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Operations and Maintenance 

A well-designed and properly executed maintenance program is a crucial element to long-term energy 
conservation measure (ECM) performance and savings.  In order to maximize the energy savings and 
equipment performance, the ECMs should be maintained under an on-going, structured service 
program for the life of the contract, and preferably beyond.  Ameresco has a vested interest in the 
equipment performance and maintenance required to realize all possible energy savings, which form 
the basis of our guarantee.  Typically, the equipment and systems Ameresco proposes can generally 
be maintained and serviced by a variety of service entities, including maintenance personnel currently 
employed by the City and/or a combination of service providers.   

Scheduled Preventive Maintenance 
Should the City request Ameresco to develop an Operations and Maintenance (O&M) program, 
Ameresco will work with the City to create program that will provide the City with a single-source 
for on-going service responsibilities associated with this performance contract.  This approach is the 
simplest and most efficient way to assure that the proper service procedures are followed and energy 
savings are achieved. 

Training Provisions 
Ameresco realizes that all installed equipment must be reliable, durable and properly maintained.  
Even the most efficient systems will not perform unless properly integrated with existing 
infrastructure, and the best installations can cause problems if not carefully coordinated with on-
going maintenance practices.  Therefore, one of the most important, initial steps in the process is 
proper training. 

Facilities personnel must be motivated to integrate energy-efficient performance into their daily 
routine.  They must be trained to understand that their efforts keep the equipment performing 
efficiently and effectively; and their observations can be important indicators of where and when 
waste is occurring.  To this end, Ameresco will properly and thoroughly train designated City 
personnel on all installed ECMs.  Successful training will ensure the persistence of energy savings, as 
well as help to maintain the comfort and aesthetics of the facilities. 

The training program for facilities and maintenance personnel at the end of the contract’s 
performance period will focus on the necessary operations and service requirements after the 
performance contract is closed out.   

Training will be conducted at the site of the ECM, and will feature a hands-on approach to ensure 
adequate understanding of all materials presented. Training sessions will include a review of the 
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overall installation and performance history so that everyone understands the benefits of the 
program.  Documentation will include review of O&M manuals, drawings, and equipment 
specification literature.   

Each ECM will be reviewed in detail, as the curriculum outlined on the following page details.  
System overviews will be provided, as well as more detailed examination of specific equipment 
and/or components.  Documentation will include review of the O&M manuals (furnished as part of 
the “as-built” project documents), drawings, and equipment manufacturers’ specification literature.   

Outline of training curriculum:  

1. Explanation of the Design Concept 
- Design intent 
- Seasonal modes of operation 
- Emergency conditions and operation 
- Comfort conditions/Indoor air quality 
- Energy efficiency considerations 

2. Systems operation 
- Operation of individual components, if required: instruction provided by authorized 
factory technicians 
- Physical location of critical shut-off valves, fire, smoke, and balancing dampers, relief 
valves, safeties, control panels, etc. 
- System operational procedures for all modes in manual and automatic modes 

3. Operation of the control systems 
- Sequences of operation 
- Use of graphical user interfaces 
- Alarms and problem indicators 
- Diagnostics and corrective actions 

4. Service and Maintenance 
- Use of the Operation and Maintenance Manuals 
- Instruction and logging procedures for lubrication 
- Instruction from authorized factory technicians 
- Troubleshooting and investigation of malfunctions 

5. Recommended procedures for collecting, interpreting, and storing specific performance data. 
The steps involved in turning over the system(s) to the Client: 

• Submit as-built documentation 
• Submit Operation and Maintenance manuals 
• Execute acceptance letter 

Over time and through hands-on experience, City personnel will gain intimate knowledge of 
necessary procedures to ensure optimal reliability and efficiency.   
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The primary goals of Ameresco’s training program for the performance contract are to make City 
personnel comfortable with the installation; to optimize the persistence of the energy savings; and to 
ensure that all City facilities have a safe and comfortable environment. 
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Subcontracting Plan 

Ameresco typically performs the detailed energy survey and financing proposals using our in-house 
talents and capabilities.  Our qualified experts are best qualified to establish the potential projects for 
our customers and understand how to mitigate the risks associated with this business.  For this 
reason, Ameresco does not normally commit to specific subcontractor alliances prior to the 
development of a project.  Preliminary arrangements based on existing relationships are developed if 
it appears advantageous to a particular project or if the client requests a specific subcontractor. 

Ameresco intends to establish subcontractor alliances for the City project on a case-by-case basis, as 
we do for virtually all of our customers.  Our success, and that of any project, depends upon timely, 
professional quality workmanship performed by qualified subcontractors who are proficient in the 
specific technology.  Along with technical proficiency, the ability to work cooperatively in a non-
disruptive fashion within our client’s facility is also required.  To this end, it is generally beneficial to 
engage local subcontractors who have a proven track record of success at a particular location, and 
an established relationship with the facility personnel.  In accordance with Ameresco’s standard 
subcontractor management practice, we fully expect to undertake work in the City’s facilities in this 
fashion. 

Subcontractor Qualification & Performance 
Whenever Ameresco uses a subcontractor to perform a service required by the contract or to supply 
materials and supplies for use on the contract, we will insist that the subcontractor perform to the 
same standards and meet the same requirements that we are required to meet.  The use of 
subcontractors to accomplish elements of this contract will be transparent to the City so far as 
responsibility for Quality Control is concerned.  If a quality problem occurs we intend to resolve it as 
if the cause existed within the Ameresco organization.  Each agreement will contain the same flow 
down clauses and include the requirements that are part of contract. 

Ameresco will inspect goods delivered and services performed. The same standards will be applied to 
those goods and services as are applied to all other work performed under the proposed contract.  If 
desired the City, we can implement a procedure that will permit inspection of any vendor's operation. 
Where a contract is involved, we can annotate a Purchase Order with the following statement: 

“Inspection: All goods, work, materials, and workmanship shall be subject to inspection and test at the 
request of representatives of City and/or Ameresco at all reasonable times and places.  For this purpose seller 
shall allow inspectors and other authorized City and/or Ameresco personnel free access to seller's plant and 
operations at all reasonable times and shall furnish such facilities, supplies, and services as may reasonably be 
required for this work.  In case any supplies or lots of supplies are defective in material or workmanship or 
otherwise not in conformity with the requirements of this purchase order, City and/or Ameresco may either 
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reject them (with or without instructions as to their disposition) or require their correction.  Unless seller 
corrects or replaces such supplies within the delivery schedule, City and/or Ameresco may require their 
delivery at a reduction in price that is equitable in the circumstances.” 

Additionally, under the Terms and Conditions on our Company's purchase order we can specify the 
following: 

“Information Disclosed:  Unless expressly agreed to in writing by the buyer, no information or knowledge 
disclosed to the buyer in the performance of or in connection with this order shall be deemed to be confidential 
or proprietary, and any such information or knowledge shall be free from any restrictions as part of the 
consideration for this order.” 

Determining Responsive, Responsible Bidders: 
Responsible bidder shall: 

• Have sufficient financial resources to complete the order; 

• Be able to meet quoted delivery considering all other business commitments; 

• Have satisfactory integrity and record of performance; 

• Be able to comply with all terms and conditions not individually waived; 

• Have the necessary production and technical equipment and facilities (or the ability to obtain 
them); 

• Have the necessary organization experience, operational controls and technical skills (or 
ability to readily obtain them); 

• Be an authorized distributor or vendor for the requirement; 

• Be otherwise qualified and eligible to receive an award under applicable laws and regulations 
and accepted procurement practice; and  

• Submit a bid within a "competitive range". 

Responsive bidder: 

• Has met all requirements of the solicitation (delivery, quality, quantity and price); 

• Competes in the market for the furnishing of the items to be procured as a normal course of 
business; and 

• Has arrived at the price independently. 
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Methods for Selection and Evaluation of 
Subcontractors 

We foresee that there will be significant requirements for subcontractors in the performance of the 
proposed contract.  Work will be subcontracted due to the technical and specialized nature and 
structure of the contract requirements. 

When subcontracting is used, Ameresco will: 

• Define the scope of work; 

• Prepare a recommended slate of qualified offerors; 

• Seek bids from approved offers; 

• Review bids or offers for compliance and cost; 

• Conduct a pre-award survey, if necessary, to confirm capability; 

• Provide a recommendation for award City for review & approval; and  

• Award the subcontract. 

All subcontractors will be held accountable for maintaining the same contract provisions and 
requirements imposed on us by the contract specifications.  All potential subcontractors will be asked 
to supply evidence of an existing and functioning Quality Control Program. 

Contractors will be evaluated using the following criteria. 

1. Performance of Work 

Timeliness: Adherence to schedules and response to scheduled orders and emergency requests. 

Quality: Workmanship, task accomplishment, and effectiveness of subcontractor's self-inspection. 

Manpower Use: Work schedule assignments, work measurement techniques, etc. 

Material Use: Quality, cost selection and control, and care of materials and equipment. 

2. Technical Management 

Management Structure: Lines of communication between the subcontractor and Ameresco, local 
autonomy and authority, and support by subcontractor corporate headquarters. 

Management Performance: Subcontractor's performance with respect to supervision, cooperation, 
responsiveness, initiative, coordination, follow-up, improvements and economics. 
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Planning and Control: Task accomplishment with respect to planning, estimating, resources, schedule 
control, understanding requirements, and reporting. 

Operations: Housekeeping, equipment maintenance, training, and safety, including program standards, 
education, reporting, and accident investigation. 

3. Business Management 

Overall Business Management: Effectiveness of subcontract-to-business management and management 
response. 

Purchasing: Effectiveness of, compliance with, and control of purchasing policies and procedures. 

Cost Control: Cost estimating policies, procedures, and practices; control of overtime and absenteeism; 
cost reduction and statement of the overall program performance. 
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Ameresco’s Selected Subcontractors 

Contractor Status Item

Sustainable Future Small Business Solar

Delta Water Corporation Plumbing

MSS Corporation Controls

KBM Women Owned Controls

Airtech Small Business Mechanical

Stones River Electric
Native American/ 
Women Owned Lighting

Fulton Corporation Boiler material

Interstate Mechanical Corporation Mechanical
Williams Door 

Company Small Business Garage Doors
Mapplewood 

Development LLC Women Owned GC

CFI Insulation Corporation Insulation

Duck Irrigation Small Business Irrigation

McCall Well Drilling Small Business Well Drilling

Interstate Mechanical Corporation Jacob's Bldg piping

Alta Small Business Pool Covers

Powersmiths Corporation Transformers

Stokes Small Business Lighting Material  
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Section 4: Energy Conservation 
Measures 

ECM 
Number ECM Title 

Tab 
Number 

1 Lighting  1 

2 Lighting Controls 2 

3 EMS Upgrade & Expansion 3 

4 Domestic Water Conservation 4 

5 Irrigation System Upgrade 5 

6 HVAC Equipment Upgrade 6 

7 HVAC VFD Upgrades 7 

8 Hydronic VFD Upgrades 8 

9 Boiler Installation 9 

10 Convert Electric Hot Water to Gas 10 

11 Building Envelope Improvements 11 

12 Pool Upgrades 12 

13 Vending Machine Controls 13 

14 Transformer Replacements 14 

15 PC Power Network Management 15 

16 Solar Hot Water 16 

17 Solar PV 17 

Detailed Energy Audit  “Page content is subject to Confidentiality Restrictions” 

City of Knoxville  Section 4: Energy Conservation Measures 
September 28, 2009  Page 1 
  



 

Detailed Energy Audit  “Page content is subject to Confidentiality Restrictions” 

City of Knoxville  Section 4: Energy Conservation Measures 
September 28, 2009  Page 2 
  

 
eneral Notes on Measures 

Am ing contractor(s) will commission and test the systems at start-up 

her Necessary Abatements 
Am sts 

fied 

 
 

G

Commissioning 
eresco personnel and the install

with corroboration by the county staff.  The operation of the system will also be proven at this time.  
Prior notification of these tests will be provided, and they will be scheduled jointly with City of 
Knoxville’s personnel.  Results of the commissioning procedures will be documented and a written 
report will be provided to the City for approval.  Any deficiencies in the system will be noted in the 
report and corrected immediately. 

Asbestos and Ot
eresco has not included any abatement or disposal related costs, other than PCB balla

associated with the lighting measure.  In the event that materials requiring abatements are identi
at any point during the detailed audit or implementation phase, work will immediately be halted at 
the area in question, and the Ameresco Project Manager will notify the designated the City contact.  
Provisions to accomplish any required remediation will be separate from or in addition to, this 
performance contract. 
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Figure 1.1: New Induction fixtures in Knoxville 
Convention Center will eliminate a high maintenance 

cost, while saving substantial energy. 

ECM 1: Lighting Upgrades 

 
ECM Overview 
Ameresco has designed a lighting system that will benefit the City 
of Knoxville, Tennessee. This system is designed to be energy 
efficient, low maintenance and cost effective.  It will enhance the 
quality, consistency and color rendering of the City’s lighting, while 
meeting all applicable codes and standards.  

The Convention Center escalators are in the way of maintaining 
lamps, while posing a high maintenance cost. Special equipment 
has to be rented to change burned out lamps over the escalators. 
New induction lamps have a rated life expectancy of 60,000 hours 
reducing the need for special equipment rentals. 

Ameresco’s in-house lighting experts, who completed detailed 
surveys of the City’s sites, have implemented projects at 
hundreds of facilities with similar needs.  Eliminating the middle-
man, we are solely responsible for meeting the City of 
Knoxville’s lighting needs.  

 

ECM Detail 
Existing Conditions 

We identified over 430 different lamp/ballast/fixture combinations, the majority of which are 
fluorescent.  Fluorescents provide general lighting in key areas such as classrooms, halls, offices and 
meeting rooms like the ones at the Convention Center.  

Approximately 35% of fluorescent fixtures use standard-grade T8s on electronic ballasts with a 
mixture of ballast factors.  For example, soffits in the Convention Center were found to have T5 
fixtures, while strip fixtures in the Parking Garage by the Civic Auditorium have a “high-output” 
ballast factor.  Many areas are energy efficient, but even newer sites use standard grade T8 
technology.  
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The 27% of fluorescent fixtures that use T12s on magnetic ballasts are located in various areas.  
Mainly the Civic Auditorium parking garages use T12 VHO, which are not only inefficient, but very 
noisy due to the age of ballast.   

High-Intensity Discharge (HID) lamps are used in the gyms at the recreation centers and the 
Convention/Exhibition Centers.  Color rendition from the lamps is good to poor depending on 
lamp quality and age, which unfortunately can be a characteristic of HID lamps, but this is not a 
concern for general exterior fixtures.   

Incandescent lamps are installed in approximately 20% of fixtures, some of which are exit signs 
which burn 24/7. Of the 353 exit signs 152 are in the City County Building. 

Compact fluorescents comprise 7% of the 36,648 existing fixture total, many of which are housed in 
cylinder fixtures, such as those found throughout the Fire Stations, Safety City offices, Recreation 
Centers and the Convention Center. 

Specifics of the Existing System 

Although the lighting system is generally performing as designed, significant improvements are 
possible.   

Light levels are appropriate in the majority of areas.  A few 
exceptions were noted, such as the Civic Auditorium Parking 
garages which are under-lit, the strip fixtures are burned out, 
not bright enough and/or too far apart to provide sufficient 
light.  

Most fixtures are in good condition.  Some noted exceptions, 
all of which are addressed in our proposal, include:  Knoxville 
Police Department (KPD) Offices, Safety Building where 
some fixtures were rusty; original fixtures with many broken 
lenses and sockets.  Cecil Webb and the Fire Stations fixtures 
are in poor condition; many wrap fixtures in various Fire 
Stations have missing or damaged lenses. 

Proposed Conditions 
Ameresco standardized the lighting system where practical, reducing the number of different 
products the City of Knoxville must purchase, stock and maintain.  Most fixtures replaced or 
retrofitted with 4’ T8 lamps will receive 28-watt “energy-efficient” lamps and ballasts.  This premium 
combination yields maximum energy savings without sacrificing light output or quality.  Ballast 
outputs were tailored to deliver optimum light levels in each room.   

In areas that are subject to weather conditions we will be installing 32 watt lamps due to cold 
weather. 

Figure 1.2 Weather and age of fixtures made this 
pedestrian bridge a safety hazard; pedestrians 
now have access to the fixture. 
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As mentioned above our project involves more than 36,640 fixtures across the City buildings.  We 
consider two adjoining fixtures sharing a ballast to be a single fixture, such as the offices in the Ijams 
Nature Center.  This method provides a more precise assessment of energy consumption, but results 
in a lower apparent fixture count.   

Specifics of the Proposed Systems 

Below is a summary table of retrofits and quantities.  Specific room by room survey details and 
retrofits are located in the appendix. 

Lighting Retrofit Descriptions Total 
Existing fixtures will receive T8 lamps and electronic ballasts in 12,569
Existing recessed fixtures will receive T8 lamps, electronic ballasts, and reflectors in 5,083
New vaportights will be installed in 2,398
An LED screw in will be installed in 2,030
Compact fluorescent lamps will be installed in 1,717
An LED retrofit kit will be installed in existing recessed cans. 840
New T8 high-bays with lenses will be installed in 792
New wraps will be installed in 907
New induction cans will be installed in 240
Dimmable can conversion kits will be installed in 774
Existing surface fixtures will receive T8 lamps, electronic ballasts, and reflectors in 595
Can conversion kits will be installed in 871
New exit signs will be installed in 367
A new LED track head will be installed in 351
New compact fluorescent squares will be installed in 320
New T5 linear fluorescent high-bays will be installed in 120
New industrials will be installed in 226
New strips will be installed in 178
New vanities will be installed in 137
A new LED cobra head will be installed for 126
Existing fixtures will receive T8 lamps, electronic ballasts, and retrofit kits in 109
New acrylic troffers will be installed in 109
An LED retrofit kit will be installed in existing recessed aisle fixtures 93
A new LED wallpack will be installed for 76
Existing recessed fixtures will receive T8 lamps, electronic ballasts, reflectors, and 
new lenses in 

72

A new LED shoebox will be installed for 64
Extraneous fixtures will be removed in 49
New vaportight will be installed in 28
New pulse-start metal halide wallpacks will be installed on 23
New metal halide wallpacks will be installed on 9
New T8 high-bays with cages will be installed in 2
Fixtures will be relocated 1
Grand Total 30,463
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Figure 1.4 New LED Track Head will 
reduce the energy consumption for the 

glass archway in the Convention 
Center and reduce maintenance and 

material costs in the ballrooms. 

Following are highlights of the proposed scope, with predominant applications presented first.  We 
then proceed in descending order, with each subsequent item representing a smaller portion of the 
scope.   

Fixtures that have reached the end of their service life will be replaced, where feasible. 

Existing fixtures will be upgraded with the premium T8 system 
described above in approximately 12,569 locations for: hallways, 
offices, the libraries, classrooms, court rooms, lockers, the 
gymnasiums, kitchens, baths, stairs, mechanical areas and lounges. 

Additionally, 5,500 fixtures in classrooms, offices, and halls will 
also receive specular reflectors designed to improve fixture 
efficiency.   

In conjunction with the lamps & ballasts, 50 recessed fixtures in 
the City County Building will also receive new acrylic lenses.  
Many of the existing lenses are missing, an undesirable situation in 
office spaces. 

The buildings recommended for this upgrade include the 
following: LT Ross Building, Safety Building and some Fire Stations’. 

As mentioned in Fig. 1.4, the floods in the Glass Arch Hall at the Convention Center will receive 
new LED track heads. 

Compact fluorescent lamps will be installed in 1570 locations in a 
wide variety of fixtures. 

Existing incandescent lamps provide excellent color rendition, low 
replacement cost, and superior dim ability.  However, they are the 
least efficient type of light source currently available.  The typical 
life of an incandescent bulb ranges between 750 and 1,000 hours, 
and the typical efficiency of the incandescent source is 20 lumens 
per watt. 

Figure 1.3: New fixtures in Dr. EV Davison 
Community Center will reduce operating costs 
while adding a nice finished appearance. 
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Figure 1.5   Incandescent to fluorescent conversion 

Figure 1.6 Rec Center Gym Lighting 

Compact fluorescent lamps are much more efficient, with a typical efficiency of 50 to 70 lumens per 
watt.  With an average rated lamp life of 10,000 hours, maintenance costs are reduced.  Technological 
advancements mean the color, quality, and light output now compare favorably with incandescent. 

 

 

 
 

 

 

 

 

 

The buildings recommended for this upgrade include the following:  
Safety Building, Adaptive Recreation and Cal Johnson Recreation Center 
just to name a few. 

New T8 high-bays will be installed in 792 locations for mostly the 
Recreation Centers and Convention Center.   

New T5 high-bays will be installed in a few locations; while it will 
improve the lighting it will not meet IES specifications.  

These high-performance fixtures will improve light levels & distribution, 
reduce shadowing and “hot spots”, while saving substantial energy.  
Additional benefits of fluorescent over HID sources are improved color 
rendition, better maintenance, and reduced color shift over lamp life. 
Further, HID’s need time to re-strike when hot, whereas T8 fixtures are 
instant on, allowing us to specify lighting controls to reduce total operating hours. 

New vapor-tight high-bays will replace metal halides in the swimming pools for the Recreation 
Centers. 

The buildings recommended for this upgrade include the following:  South Knoxville Recreation 
Center, Dr. EV Davison Community Center and Adaptive Recreation Center. 

Exit signs not containing LED technology will be replaced with new LED signs with battery backup, 
thereby ensuring the sign will illuminate in the event of a power outage and/or generator failure. 

Due to their constant operation, exit signs are one of the best applications of LED technology.  
Fluorescent exit signs consume about 14 watts per sign and have a rated lamp life of 10,000 hours, so 
they must be re-lamped every 1 to 1½ years; incandescent exit signs consume about 20 to 40 watts 
per sign and have a rated life of 2,000 hours and must be re-lamped four to five times per year.  LED 
exit signs consume a few watts per sign and have a rated life of 5-8 years. 
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Buildings recommended for this upgrade include, but are not limited to, the following:  Animal 
Control, Cal Johnson Recreation Center, Christenberry Recreation Center and Cumberland Estates. 

Sizing Considerations 

The new lighting system is designed to meet SED and IESNA standards, as well as the EISA, in 
effected areas.  All recommendations were made with the intent to optimize energy savings without 
compromising the quality and the level of light output. 

Integration of Proposed Equipment with Existing Systems 

The new lighting system, and all components thereof, will be fully integrated into the City’s existing 
lighting systems. This holds true for all of the existing electrical power and controls associated with 
the facilities’ lighting system. 

Impact on Facility Operations and Performance 

The new lighting system will enhance facility operations by providing fixtures and components that 
have new high-efficiency electronic ballasts. These high frequency electronic ballasts produce the 

Existing Exit Signs 

Change to a new LED Exit Signs

Figure 1.7 Incandescent Exit 
Signs 
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same amount of light for less power.  They also reduce the tendency of lamps to flicker and ballasts 
to hum.  The new system operates cooler than the existing system, offering the potential for cooling 
savings and extended service life.   

In addition, all new T8 lamps installed will be low mercury, with a color-rendering index of 85. All 
installations will be conducted at the appropriate hours determined by the building managers, and 
will be coordinated with the appointed personnel. 

Maintenance Savings 

Implementation of this measure will result in annual maintenance savings, since installation of new 
lamps and ballasts will greatly reduce service intervals. The savings from the annualized cost of 
maintaining the existing lighting equipment is estimated to be $146,943. This is based on the 
calculated frequency of equipment replacement of the old system versus the new system. No current 
recycling or disposal costs were included in this calculation, so additional savings would be expected. 
No incremental labor costs were included in these savings as it is assumed that City personnel will 
replace lamps and ballasts as required. 

Environmental Impact 

There are no potential adverse environmental impacts associated with this lighting upgrade. During 
construction, Ameresco will remove, package, and recycle all existing lamps that contain mercury and 
ballasts that contain PCBs or DEHP according to applicable regulations. 
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Preliminary Measurement and Verification Plan for ECM-1: Lighting 
System Improvements 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions. Performance verification will include engineering 
calculations with one-time representative measured values, resulting in measured verification of 
performance.   

Savings Algorithm: 

CoolHeatvingsLightingSaSavings +−=  
 

ngsEnergySavingsDemandSavivingsLightingSa +=  
 

PostDemandmandBaselineDengsDemandSavi −=  
 

PostEnergyergyBaselineEnngsEnergySavi −=  
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Where: 

kWBase - Base fixture kW, as per lighting audit calculation included in DEA 
kWRetro     - Retrofit fixture kW, as per lighting audit calculation included in DEA, subject to metering 

described below 
HrsBasePeak     - On peak base fixture operating hours as per lighting audit calculation included in DEA 
HrsBaseOffPeak     - Off peak base fixture operating hours as per lighting audit calculation included in DEA 
HrsRetro - Retrofit fixture operating hours, as per lighting audit calculation included in DEA 
BoilerEff- Average heating system efficiency, as per lighting audit calculation included in DEA 
CoolEff - Average cooling system performance (COP), as per lighting audit calculation included in 

DEA 
Util - Factor representing the amount of energy transmitted to the space, as per lighting audit 

calculation included in the DEA 
Mthshtg - Number of months the heating penalty will occur, as per lighting audit calculation included 

in DEA 
Mthscool - Number of months the cooling benefit will occur, as per lighting audit calculation included 

in DEA 
$/mmbtu - Unit cost of fossil fuel, as per Unit Rates section below 
$/kWSummer - Unit cost of electric demand, as per Unit Rates section below 
$/kWWinter - Unit cost of electric demand, as per Unit Rates section below 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per Unit Rates section below 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per Unit Rates section below 
$/kWhSummeroffpk - Unit cost of electric off-peak energy, as per Unit Rates section below 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per Unit Rates section below 

Determination of Energy Savings: 

Energy savings are derived from comparing the proposed fixture power draw (in kW) and 
consumption in kilowatt hours (“kWh”) with the measured baseline fixture power draw and 
consumption.  A sample group of existing fixtures will be measured to verify the fixture power draw. 
The agreed-upon operating hour groups are assigned to the fixture groups. For details on savings 
analysis calculations, refer to the calculations and lighting design in the Appendices. 

Interactive Effects 

The above algorithm calculates the savings associated with the lighting energy only, and does not take 
into account interactive effects on heating and cooling systems.  Ameresco has calculated and 
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incorporated these effects into our proposal, and will use the same methodology to incorporate them 
into the verification plan. 

Measurement Plan 
This M&V Plan is a preliminary approach to the verification process.  M&V with sample 
measurements of pre- and post-retrofit light fixtures will be taken prior to construction. Operating 
hours were provided by City of Knoxville and agreed upon by all parties.   

Fixture quantities, hours of operation, lamp and ballast type, assessment of burned out lamps and 
ballasts, and heating/cooling interaction can affect baseline energy use.  For this lighting design, the 
heating/cooling savings were minimal.   

Ameresco will invite site personnel to witness all agreed upon baseline, commissioning and 
performance period measurements. Both Ameresco and site personnel will sign and date data 
collection forms. 

A detailed post-installation fixture retrofit design is developed based on the detailed inventory of 
existing fixtures.  The proposed design includes a room-by-room inventory of proposed fixture 
types, quantities, proposed wattage, hours of operation, and usage area designations.  A post-
installation audit will be conducted to confirm fixture quantities based on actual installed conditions.  
Existing lighting levels will be maintained. One-time pre and post measurements of the demand of 
the lighting will be used for the contract term. 

Sampling Plan 

Fixture types or groups are defined by types of lamps (i.e. fluorescent, incandescent, compact 
fluorescent, high pressure sodium, metal halide, etc.) and by the number of lamp and ballast 
combinations per fixture. Usage group will be assigned to fixtures that have similar use patterns and 
comparable average operating hours. 

Measured and published wattages were used to establish the baseline for this project. During 
construction, baseline power draw, in kilowatts (“kW”), for a sample group of fixtures will be 
measured.  The ESCO will take a minimum of three (3) measurements of fixtures types that have 
more than fifty (50) fixtures to be replaced or retrofitted. If the fixture wattages are significantly 
different( +/- 15% of proposed energy (kW) usage), then two (2) additional measurements will be 
taken. Of the five (5) measured wattages, the high and low measurements will be discarded and the 
average of the remaining three measurements will establish the fixture wattage baseline.  

To account for building-to-building variances in lighting fixtures (differing ballasts, variances in 
operating voltages, etc.) within large groups, an additional series of measurements as described in the 
previous paragraph (three, up to a maximum of five), will be made for each building within a group 
containing more than two hundred and fifty (250) fixtures of that group.  One-time instantaneous or 
spot power draw (in kW) will also be measured.     

The ESCO will provide notice to the Issuer’s representative in advance of any testing such that the 
Issuer’s representative will have an opportunity to be present to witness the measurements and to 
ensure quality and accuracy. Wattage verification sheets will be signed by such representative to 
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indicate acceptance of the readings.  If the Issuer’s representative is not present to witness any such 
testing, the Issuer shall be deemed to have accepted and approved the recorded measurements and 
related documentation provided by the ESCO.   



 

Detailed Energy Audit  “Page content is subject to Confidentiality Restrictions” 
City of Knoxville  ECM 1: Lighting and Lighting Controls 
September 28, 2009  Page 1  
 

ECM 2: Lighting Controls 

ECM Overview 
Ameresco proposes to install new lighting controls in the City of Knoxville 
buildings to ensure that lighting does not operate unnecessarily. Energy 
waste occurs when a fixture is energized but the space is unoccupied. 
Ameresco noted many occupants are not careful about turning off lights 
when they leave the room, making automated controls advantageous. 

Ameresco has proposed occupancy sensors to be installed in many offices 
and bathrooms.  Ameresco will also develop a number of facility-specific 
control strategies. 

ECM Detail 
Existing Conditions 

The majority of existing lighting controls are standard toggle style switches, but there are some 
existing occupancy sensors in bathrooms.  An example of this would be the Knoxville Convention 
Center. 

Proposed System 
Occupancy Sensors 

City-wide, Ameresco will install almost 2700 local lighting controls employing a variety of strategies, 
each of which was customized to the unique space.  We selected appropriate areas that contain 
several controllable fixtures, which have intermittent occupancy, and where a safety hazard will not 
be created if the sensor inadvertently turns the lights off.  Applicable areas include conference rooms, 
offices, bathrooms, lobbies, etc. 

Bathrooms or other areas without direct line-of-sight to the sensor, will receive dual-technology 
sensors that “listen” for activity in addition to “looking” for motion. 

The fluorescent high-bays in gyms will have motion sensors, allowing each one to operate 
independently for maximum savings and flexibility. The photocell option can also prevent fixtures 
from operating when ample daylight is available. 

Figure 2.1 Occupancy sensors in gyms 
will eliminate energy waste. 
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Daylight Harvesting  

Daylight harvesting sensors will be installed in areas with ample daylight including Chilhowee Park 
Office Building and the City County Building.  An adequate light level is maintained according to a 
programmable set-point value. 

Impact on Facility Operations and Performance 

There will be no change in the facility structures. The low profile lighting controls will be mounted 
on the existing wall switches, walls or ceilings. The proposed lighting controls will have no adverse 
impact on occupants, working environment, or critical equipment such as computer systems and 
associated environmental controls. 

Environmental Impact 

There are no potential adverse environmental impacts associated with these lighting controls. 

Integration of Proposed Equipment with Existing Systems 

New equipment will be connected to the existing wiring and switchgear, in accordance with safety 
guidelines, regulations, and codes governing the facility and in accordance with all local, state, and 
federal agencies having jurisdiction.  The lighting controls, and all components, will be fully 
integrated into the existing electrical system.  Workmanship will be warranted for one year. 

Automatic controls may be unacceptable to some occupants, so special consideration will be given to 
commissioning these systems to meet both energy saving goals and occupant satisfaction. Ameresco 
will provide written information for each building enabling administrators, occupants, and custodians 
to understand and operate the lighting system in the most visually effective and energy conserving 
manner. 

Special Operating Requirements 

Electricity interruption may be required for installation of the proposed lighting controls. Any 
interruption would be isolated by room or by the branch circuit powering the light fixtures. Work 
will be performed primarily after hours. 
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Preliminary Measurement and Verification Plan for ECM-2: Lighting 
Controls 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions. Performance verification will include engineering 
calculations with one-time representative measured values, resulting in measured verification of 
performance.  

Savings Algorithm: 

CoolHeatvingsLightingSaSavings +−=  
 

ngsEnergySavivingsLightingSa =  
 

PostEnergyergyBaselineEnngsEnergySavi −=  
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Where: 

kWretro     - Retrofit fixture kW, as per lighting controls calculation included in DEA 
HrsBase     - Base fixture operating hours, as per lighting controls calculation included in DEA 
Hrsretro - Retrofit fixture operating hours, as per lighting controls calculation included in DEA 
BoilerEff- Average heating system efficiency, as per lighting controls calculation included in DEA 
CoolEff - Average cooling system performance (COP), as per lighting controls calculation included in 

DEA 
Util - Factor representing the amount of energy transmitted to the space = 50% 
Mthshtg -  Number of months the heating penalty will occur, as per lighting controls calculation 

included in DEA 
Mthscool - Number of months the cooling benefit will occur, as per lighting controls calculation 

included in DEA 
$/mmbtu- Unit cost of fossil fuel, as per Unit Rates section below 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per Unit Rates section below 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per Unit Rates section below 
$/kWhSummeroffpk - Unit cost of electric off-peak energy, as per Unit Rates section below 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per Unit Rates section below 

Determination of Energy Savings: 

Energy savings are derived from comparing the proposed fixture power draw (in kW) and 
consumption in kilowatt hours (“kWh”) with the measured baseline fixture power draw and 
consumption.  The agreed-upon operating hour groups are assigned to the fixture groups. For details 
on savings analysis calculations, refer to the calculations and lighting design in the Appendices. 

Interactive Effects 

The above algorithm calculates the savings associated with the lighting energy only, and does not take 
into account interactive effects on heating and cooling systems.  Ameresco has calculated and 
incorporated these effects into our proposal, and will use the same methodology to incorporate them 
into the verification plan. 

Metering Plan 

No long-term monitoring or inspections are included as part of this measure. The measurement and 
verification plan for this ECM is based upon a mutual agreement of the calculations of savings.  The 
above measurement and verification plan allows for a level of confidence in the calculation of 
savings, while limiting the costs of verification and therefore not negating the benefits of 
implementing the measure. 

Ameresco conducted a thorough site investigation and had detail discussions with City of Knoxville 
building managers and building occupants to determine lighting hours and the amount of lighting left 
on during unoccupied hours.  Ameresco, over the course of the energy audit, observed the largest 
facilities after hours to determine if lights were being left on during unoccupied hours as reported by 
City personnel. 
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Figure 3.1:  Existing pneumatic control panel at the 
Civic Auditorium Coliseum to be replaced with 
electronic, DDC controls. 

ECM 3: Energy Management System 
Upgrade and Expansion 

ECM Overview 
Ameresco proposes to perform upgrades to the 
existing building level control systems found at 
the larger facilities owned by the City of 
Knoxville and then integrate these buildings into 
a single, citywide energy management system 
(EMS).  Small office buildings, community 
centers and fire stations will receive new DDC 
control systems which will be networked together 
through the citywide EMS.  The citywide EMS 
provides a common interface to monitor building 
conditions, control HVAC equipment, adjust 
setpoints and view alarms in facilities across the 
city.  The system will be accessible from any 
internet enabled computer with web browsing 
software, once the user is properly authenticated.  Also, the citywide EMS will be modular and 
expandable, allowing existing buildings or newly constructed buildings to be added at a later date.  

Networking the facilities owned by the City of Knoxville into a single, web-based EMS allows the 
conditions at each building to be monitored in real-time from any location where internet access is 
available.  This enhances occupant comfort while providing significant energy savings.   The citywide 
EMS will also display real-time alarms, allowing for quick response times and remote troubleshooting 
by the Facility Management staff.   

Additionally, Ameresco proposes to implement energy savings strategies such as Demand Controlled 
Ventilation (DCV), air-side economizer, building scheduling and unoccupied setback.  Building 
schedules can be applied through the citywide EMS, allowing HVAC equipment to be turned off or 
set back when the building is unoccupied.  DCV ensures adequate building ventilation and provides 
significant energy savings by controlling building outside air intake based on CO2 levels in the space.  
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ECM Detail 
Existing Conditions 

Ameresco conducted site visits to most of the larger buildings owned by the City of Knoxville and 
observed a diverse mixture of control systems.  A newer, Johnson Controls (JCI) Metasys system was 
installed at the Knoxville Convention Center and the Jacob Building.  The City County Building has a 
JCI Metasys DDC overlay which utilizes pneumatic damper and valve actuators.  The Safety Building 
has standalone, Honeywell T775 electronic controllers installed to provide basic control functions on 
the air handling units.  The Civic Auditorium Coliseum has an outdated pneumatic control system in 
much of the building, with an ALC DDC system installed to control five water source heat pumps 
and the associated hydronic loop.  The Exhibition Center and the Fire Department Headquarters 
utilize pneumatic control systems, and no facility-wide control system exists at the John T. O’Connor 
Senior Citizens Center. 

The control systems at the Knoxville Convention Center, the City County Building and the Jacob 
Building are viewable through onsite computers loaded with the control vendors’ proprietary 
software.  The control systems at the Convention Center and the Jacob Building can be remotely 
accessed through dial-up connections, which are unreliable at times.  The small portion of the Civic 
Auditorium controlled by the ALC system in viewable through an onsite computer.  Below is a 
detailed description of the existing controls systems found at each building. 

City County Building 
The control system at the City County Building is an older JCI Metasys DDC overlay which utilizes 
components of a pneumatic control system, including valve and damper actuators.  The system is 
quite complex with a high point count and multiple workstations controlling the HVAC equipment, 
as well as some security functions.  While the JCI system is aging, Ameresco observed that most of 
the control points were functional, and overall the system operated well. 

The control system is accessible via local workstations at the City County Building.   

Civic Auditorium Coliseum 
The primary HVAC equipment at the Civic Auditorium Coliseum is controlled by an aging 
pneumatic control system.  Doug Simmons and his facility staff have done an excellent job making 
the control system functional, but the controls are past the end of their useful life and in need of 
replacement.  The pneumatic system has a centralized control board featuring schematic drawings of 
much of the HVAC equipment.  Most of the HVAC equipment control sequences are manually 
operated through this centralized control board.  Five water source heat pumps serving the 
administration area and the associated hydronic loop are controlled by an ALC DDC control system. 
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The ALC control system is locally accessible via an onsite computer loaded with the control vendor’s 
proprietary software.  

Knoxville Convention Center 
A JCI Metasys DDC control system is installed at the Knoxville Convention Center.  The system is 
relatively new and appears to be in good working order.  The control system is accessible through 
onsite workstations loaded with the control vendor’s software.  Remote access to the control system 
is accomplished via a dial-up connection.  

Safety Building 
Standalone, Honeywell T775 electronic controllers are installed to control six multi-zone air handling 
units and two constant volume air handling units.  The multi-zone air handling units use Honeywell 
controllers to maintain hot deck and cold temperature setpoints by modulating pneumatic steam and 
chilled water valves via electric-to-pneumatic (E/P) transducers.  The constant volume units use the 
Honeywell controllers to modulate hot water and chilled water valves via E/P transducers to 
maintain a return air temperature setpoint.  No controls exist on the mechanical plant.  

These Honeywell controllers are new and were installed during a recent HVAC controls upgrade.  
The controls operate well and are a definite upgrade from the original controls system.  However, the 
Honeywell controllers cannot be networked together and, therefore, cannot be monitored from a 
centralized workstation. 

Jacob Building 
A JCI Metasys control system is installed at the Jacob Building to control the four-pipe unit 
ventilators, fan coil units, mechanical plant and the interior lighting.  The JCI system supervises 
Alerton DDC controls on Fresh Air Unit (FAU) No. 1, responsible for bringing in outside air to the 
building.  The controls for FAU-1 do not appear to be functioning properly at this time. 

During the site visit, the control system responded slowly when accessed through a local workstation.  
The JCI system is remotely accessible via a dial-up connection, but the connection is unreliable and 
slow.  A recent software upgrade after Ameresco’s initial site visit improved the overall function of 
the control system and allows web-based remote access. 

John T. O’Connor Senior Citizens Center 
No facility-wide control system is installed at the John T. O’Connor Senior Citizens Center.  The 
dual temperature hydronic loop must be manually switched from winter to summer mode based on 
the season and no controls exist for the mechanical plant.  The fan coil units served by the dual 
temperature loop are controlled by manual thermostats located in the space.  Three split system units 
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were originally controlled by a JCI pneumatic control system, but these controls have been 
abandoned in place.  Two rooftop units in the older section of the building are controlled by manual 
thermostats.  Programmable thermostats with active occupancy schedules and setbacks control three 
rooftop units serving the new section of the building. 

Fire Department Headquarters 
A JCI pneumatic control system is installed to control multi-zone air handling unit (AHU) A-1 and 
make-up air unit A-2.  These controls appear to be functional, but they are past their useful life.  No 
controls exist for the mechanical plant or five fan coil units located in the space. 

Ijams Nature Center 
Ijams Nature Center has ten ground water source heat pumps and a ground water pump.  A Trane 
Tracker Building Management system is installed with Trane Thermostat Control Modules at each 
water source heat pump.  The Trane system has a small, integral display to view basic information, 
but it cannot be accessed remotely. 

Community Centers and Small Office Buildings 
No centralized control system exists in the many community centers, recreation centers and small 
office buildings located across the City of Knoxville.  A few buildings have programmable 
thermostats with active schedules and unoccupied setbacks, but a majority of the buildings have 
manual thermostats to control packaged direct expansion (DX) HVAC equipment, split systems, 
natural gas furnaces and heat pumps.  Temperature setpoints cannot be regulated and building 
conditions are not remotely viewable.  Below is a list of smaller buildings to be tied into the EMS, 
along with the primary HVAC equipment found at each facility.  

• South Knoxville Community Center – Five rooftop units 
• EV Davidson Recreation Center – Four rooftop units 
• Christenberry Family Center – Three rooftop units with electric heat 
• Deane Hill Recreation Center – Six packaged units with natural gas heat 
• Cal Johnson Recreation Center – Four packaged units with electric heat 
• Adaptive Recreation Park – One split system and one packaged unit 
• Cumberland Estates Recreation Center – Three rooftop units with electric heat 
• Cecil Webb Recreation Center – Two packaged units and two furnaces 
• Milton Roberts Recreation Center – Four rooftop units with natural gas heat 
• Public Service Warehouse – Two split systems with natural gas heat 
• Knoxville Police Department – Four split systems 
• Ridely Helton – Four split systems 
• Safety City Offices – Five split systems with electric heat and two rooftop units with natural gas 

heat 
• Fire Department Training Center – Two split systems with natural gas furnaces 
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• Chilhowee Park Office Building – Five split systems with natural gas heat 
• Richard Leake Recreation Center – One split system 
• Pension Board (Recreation/Storage) – Four split systems 
• Truancy Center – Four rooftop unit gaspaks 
• Inskip Recreation Center – One packaged unit with electric heat 
• West Haven Recreation Center – One packaged unit with electric heat 
• Larry Cox Senior Center – One split system 
• Fountain City Recreation Center – One split system 
• Phil E. Keith Training Center – Six split systems 
• Public Service Horticulture – One rooftop unit with electric heat 
• City Employee Health Center – One split system with natural gas heat 
• Fire Annex Building 2 – Two Bard units and one gaspak on adjacent trailer 
• Worlds Fair Park Security Building – One split system with electric heat 
• Tyson Park Clubhouse – One split system with electric heat 
• Fire Annex Building 3 – Two packaged units. 

Fire Department Stations 
No control system exists in the Fire Department Stations.  Manual thermostats control packaged 
direct expansion (DX) HVAC equipment, split systems, natural gas furnaces and heat pumps.  
Temperature setpoints cannot be regulated and building conditions are not remotely viewable.  
Below is a list of buildings to be tied into the new EMS, along with the primary HVAC equipment 
found at each facility. 

• Fire Station #3 – Three split systems with natural gas heat  
• Fire Station #4 – Three split systems with natural gas heat  
• Fire Station #5 – Four split systems with natural gas heat 
• Fire Station #6 – Two split systems with natural gas heat 
• Fire Station #7 – One split system with natural gas heat 
• Fire Station #9 – Three split systems with natural gas heat 
• Fire Station #10 – Three split systems with natural gas heat 
• Fire Station #11 – Two split systems with natural gas heat 
• Fire Station #12 – Two split systems with natural gas heat 
• Fire Station #13 – Two packaged units with natural gas heat 
• Fire Station #14 – One split system with natural gas heat 
• Fire Station #15 – Two split systems with natural gas heat 
• Fire Station #16 – One packaged unit with natural gas heat 
• Fire Station #17 – Two split systems with natural gas heat 
• Fire Station #18 – Three split systems with natural gas heat 
• Fire Station #20 – Three split systems with natural gas heat 
• Fire Station #21 – Two split systems with natural gas heat 
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Proposed Conditions 
A total of fifty-three buildings owned by the City of Knoxville will be integrated into a single, 
citywide EMS.  This EMS will be a web based system, with real-time data from each connected 
facility accessible via the internet.  Any internet enabled computer with web browsing software can 
be used to access the control system, once the user has been properly authenticated.  The real-time 
building views will provide operating status, alarm notifications, remote override, and control of the 
HVAC equipment within each facility.  The ability to view real-time data from each building through 
a common interface will enhance occupant comfort while providing substantial energy savings.  Also, 
the Facilities Management staff will have the capability to remotely troubleshoot alarms via the 
citywide EMS, saving the staff significant time in day-to-day operations. 

Ameresco proposes to install a Tridium system which utilizes the NiagaraAX software framework.  
NiagaraAX is a software infrastructure specializing in the integration of systems into a common 
interface, making it an ideal platform for the new EMS.  This is an open protocol system which 
facilitates a competitive bidding process for future additions to the EMS. 

Ameresco proposes to install basic DDC control systems in the buildings described in the 
Community Center and Small Office Buildings section, as well as the Fire Department Stations.  
Real-time data from these buildings will be remotely viewable through the citywide EMS.  Energy 
savings will be achieved by standardizing temperature setpoints, implementing time schedules and 
using unoccupied temperature setback, all of which will be done through the citywide EMS.  Changes 
to space temperature setpoints will be locked out or limited to a small range by the citywide EMS.  
The space temperature sensors in the smaller buildings will have an override feature which allows 
temporary setpoint changes and gives needed flexibility to building occupants for after-hours events.  
This temporary override will automatically revert to the programmed setpoint after a two hour 
period.   

Additionally, a variety of energy conservation strategies will be implemented at the building level 
through the citywide EMS.  Occupancy scheduling will be used so the HVAC system can be turned 
off or the system can be placed in “setback mode” when the building is unoccupied.  Also, Ameresco 
will implement demand controlled ventilation (DCV) to help control the amount of outside air 
entering some of the larger buildings.  DCV maintains a set CO2 level in the space by modulating the 
outside air and return air dampers in sequence.  As the CO2 level in the space increases, the outside 
air damper modulates open to allow more outside air into the building to dilute the CO2 

concentration.  Once the building CO2 levels fall below setpoint, the outside air damper will begin 
modulating closed, preventing over ventilation.  DCV provides proper building ventilation and 
significant energy savings by controlling building outside air intake based on CO2 levels in the space.  
Another strategy involving outside air intake that will be implemented in the large buildings is air-side 
economizer.  Air-side economizer works by increasing the quantity of outside air entering the air 
handling unit when the outside air enthalpy, or energy content, is less than the return air enthalpy.  
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This is often referred to as “free cooling” because the outside air is used to cool the building, 
reducing the need for mechanical cooling and achieving energy savings.  Below is a description of the 
control upgrades for each building.  

City County Building 
The web-based citywide EMS will integrate to the existing JCI Metasys control system at the City 
County Building.  Some management level controllers will be replaced, but all existing unitary 
controllers, control components, and wiring will be reused.  The citywide EMS will have the 
capability to control all major HVAC equipment, view building conditions, view alarms and adjust 
setpoints.   

The HVAC system at the City County Building will be scheduled in occupied mode Monday through 
Friday from 6:00 A.M. to 10:00 P.M. and from 9:00 A.M. to 5:00 P.M on Saturday and Sunday.  
During occupied times the HVAC equipment will maintain a cooling setpoint of 74˚F and a heating 
setpoint of 70˚F.  When the City County Building is unoccupied, Air Handling Units 1, 2, 3, 6, 7, 8 
and 12 and Perimeter Heating Units 1, 2, 3 and 4 will be placed in setback mode to operate at a 
reduced capacity while maintaining a cooling setpoint of 80˚F and a heating setpoint of 60˚F.  The 
variable speed drives controlling the supply fans for Air Handling Unit 1, 2, 3, 6, 7, 8 and 12 and 
Perimeter Heating Units 1, 2, 3 and 4 will also be placed in setback mode and operate at no more 
that fifty percent of capacity. 

Also, supply air temperature reset will be added to the air handling units.  This control sequence 
resets the supply air temperature setpoint based on the outside air temperature.  When the outside air 
temperature is below 70˚F, the supply air temperature is reset higher based on an algorithm while still 
ensuring the cooling demands of all zones are satisfied. 

Civic Auditorium Coliseum 
The Civic Auditorium Coliseum will receive an extensive controls overhaul.  A new Automated 
Logic controls system will be installed to control Air Handling Units (AHUs) A, B, C, D, E, F, G, H, 
and J, eleven heating and ventilating units, and the mechanical plant.  Upon installation, the 
Automated Logic system will be integrated into the citywide EMS.  The citywide EMS will have the 
capability to control all major HVAC equipment, view building conditions, view alarms and adjust 
setpoints.  New two-way, modulating electronic control valves will be installed at the chilled water 
coils, steam coils and hot water coils found in the AHUs and heating and ventilating units.  All 
pneumatic damper actuators will be replaced with new, modulating electronic actuators.  The existing 
outside air and return air control dampers will be reused where in good condition.  Control dampers 
will be replaced or repaired as follows: 

• AHU-A:  New 9’6” x 9’ outside air damper and new 10’ x 8’6” return air damper   
• AHU-E:  New 48” x 76” outside air damper and new 56” x 26” return air damper  
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• AHU-G:  New 36” x 40” outside air damper and new 78” x 24” return air damper  
• AHU-H:  New 5’ x 7’ outside air damper and new 5’ x 7’ return air damper   
• AHU-J:  Existing outside air and return air dampers will be repaired. 

Two energy saving control strategies, Demand Controlled Ventilation (DCV) and air-side 
economizer, will be implemented for AHUs - A, B, C, D, E, F, G, H, and J.  The outside air intake at 
the City County will be controlled by DCV to ensure proper ventilation levels are maintained.  A 
CO2 sensor will be installed in the return air duct of each AHU and wired to the new DDC control 
panels.  The mixed air dampers will modulate to maintain a CO2 level setpoint within the area served 
by each respective AHU.  Air-side economizer will be utilized to reduce the amount of mechanical 
cooling necessary whenever the outside air temperature is below 65˚F (adjustable), the outside air 
enthalpy is less than 22% (adjustable) and the outside air enthalpy is less than the return air enthalpy.  
When these outside air conditions exist, the mixed air dampers will modulate to intake a higher 
percentage of outside air, allowing the building cooling load to be satisfied with minimal use of 
mechanical cooling.  

Safety Building 
A new, DDC system will be installed at the Safety Building to control Air Handling Units (AHUs) A, 
B, C, D, E, F, G and H and the mechanical plant.  All new controls at the Safety Building will be tied 
into the citywide EMS.  The existing pneumatic control components will be reused on the main air 
handling units as they were recently inspected as part of a previous HVAC controls upgrade.  AHUs 
- A, B, C, D, E and H are being converted to function as variable air volume (VAV) systems as part 
of a separate ECM, with variable frequency drives added to the supply fans and VAV boxes installed 
to serve each existing zone.  Supply fans will be controlled to maintain a duct static setpoint and 
individual VAV boxes will meet the heating or cooling demands in the space.  Constant volume 
AHU G will be controlled as a single zone VAV unit.  

The AHUs will be modified so that air-side economizer can be utilized to reduce the amount of 
mechanical cooling necessary whenever the outside air temperature is below 65˚F (adjustable), the 
outside air enthalpy is less than 22% (adjustable) and the outside air enthalpy is less than the return 
air enthalpy.  When these outside air conditions exist, the outside and return air dampers will 
modulate in sequence to intake a higher percentage of outside air, allowing the building cooling load 
to be satisfied with minimal use of mechanical cooling. 

Knoxville Convention Center 
The JCI Metasys DDC control system installed at the Convention Center will be integrated into the 
citywide EMS.  The Convention Center control system will be accessible remotely via Internet 
Explorer and the dial-up connection will no longer be necessary.  The citywide EMS will have the 
capability to control all major HVAC equipment, view building conditions, adjust setpoints and view 
alarms.  Currently, the Convention Center is managed by a third party responsible for the HVAC 
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system function.  The third party company will continue to control the HVAC system locally, but the 
City of Knoxville Facilities Management staff will have the capability to access the Convention 
Center controls, if necessary.  

Jacob Building 
The web-based citywide EMS will integrate to the existing JCI Metasys control system at the Jacob 
Building.  A local workstation will provide the primary point of access to the control system, but the 
citywide EMS will have the capability to control all major HVAC equipment, view building 
conditions, adjust setpoints and view alarms.  All existing controllers, control components and wiring 
will be reused.  The EMS will integrate to the Alerton controller on the Fresh Air Unit or replace it if 
necessary to resolve ongoing control problems with the unit.  Carbon monoxide sensors will be 
installed in the boiler room and wired to the existing JCI control panel.  An alarm notification will be 
sent if the carbon monoxide level rises above setpoint.  Due to the variable event schedule at the 
Jacob Building, no standard setback schedules will be implemented at the facility. 

John T. O’Connor Senior Citizens Center 
A new DDC control system will be installed at the John T. O’Connor Senior Citizens Center.  New 
controllers will be provided for the mechanical plant, each fan coil unit, three split system units and 
five rooftop unit.  The changeover valve function for the dual temperature hydronic loop will be 
automated and based on outside air temperature. 

All new controls installed at the John T. O’Connor Center will be tied into the EMS.  The EMS will 
have the capability to control the major HVAC equipment, view alarms, adjust setpoints and view 
building conditions.  The HVAC equipment will be placed on an occupancy schedule to maintain a 
cooling setpoint of 74˚F (adjustable) and a heating setpoint of 68˚F.  During unoccupied times, the 
HVAC equipment will be setback and will maintain a cooling setpoint of 80˚F (adjustable) and a 
heating setpoint of 60˚F (adjustable).  

Fire Department Headquarters 
A new, DDC system will be installed at the Fire Department Headquarters to control Air Handling 
Units (AHUs) A1 and A2, five fan coil units and the mechanical plant.  The existing pneumatic 
control components will be utilized wherever possible.  AHU-A1 is being converted to function as 
variable air volume (VAV) system as part of a separate ECM, with a variable frequency drive added 
to the supply fan and VAV boxes installed to serve each existing zone.  The supply fan will be 
controlled to maintain a duct static setpoint and individual VAV boxes will meet the heating or 
cooling demands in the space.  All new controls installed at the Fire Department Headquarters will 
be tied into the citywide EMS.  The EMS will have the capability to control all major HVAC 
equipment, view building conditions, view alarms and adjust setpoints. 
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Ijams Nature Center 
The Trane Tracker DDC control system installed at Ijams Nature Center will be integrated into the 
citywide EMS.  The EMS will have the capability to control all major HVAC equipment, view 
building conditions, view alarms and adjust setpoints. 

Community Centers and Small Office Buildings 
DDC controllers will be installed in the Community Centers and small office buildings owned by the 
City of Knoxville and tied into the citywide EMS.  The citywide EMS will have the capability to 
schedule the HVAC equipment, adjust temperature setpoints and view real-time building conditions.  
Space temperature setpoints will be standardized, with a cooling setpoint of 74˚F and a heating 
setpoint of 68˚F maintained during occupied times.  During unoccupied times, the HVAC equipment 
will be setback and will maintain a cooling setpoint of 80˚F and a heating setpoint of 60˚F.  Changes 
to space temperature setpoints will be locked out or limited to a small range by the citywide EMS.  
The smaller buildings will have an override feature which allows temporary setpoint changes and 
gives needed flexibility to building occupants.  This temporary override will revert to the 
programmed setpoint after a two hour period.  Below is a list of buildings that will be part of the 
EMS and the equipment that will be controlled. 

• South Knoxville Community Center – Five rooftop units 
• EV Davidson Recreation Center – Four rooftop units 
• Christenberry Family Center – Three rooftop units with electric heat 
• Deane Hill Recreation Center – Six packaged units with natural gas heat 
• Cal Johnson Recreation Center – Four packaged units with electric heat 
• Adaptive Recreation Park – One split system and one packaged unit 
• Cumberland Estates Recreation Center – Three rooftop units with electric heat 
• Cecil Webb Recreation Center – Two packaged units and two furnaces 
• Milton Roberts Recreation Center – Four rooftop units with natural gas heat 
• Public Service Warehouse – Two split systems with natural gas heat 
• KPD complex – Eight split systems 
• Ridely Helton – Four split systems 
• Safety City Offices – Five split systems with electric heat and two rooftop units with natural gas 

heat 
• Fire Department Training Center – Two split systems with natural gas furnaces 
• Chilhowee Park Office Building – Five split systems with natural gas heat 
• Richard Leake Recreation Center – One split system 
• Truancy Center – Four rooftop unit gaspaks 
• Inskip Recreation Center – One packaged unit with electric heat 
• West Haven Recreation Center – One packaged unit with electric heat 
• Larry Cox Senior Center – One split system 
• Fountain City Recreation Center – One split system 
• Phil E. Keith Training Center – Six split systems 
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• Public Service Horticulture – One rooftop unit with electric heat 
• City Employee Health Center – One split system with natural gas heat 
• Fire Annex Building 2 – Two Bard type and one gaspak on adjacent trailer 
• Worlds Fair Park Security Building – One split system with electric heat 
• Tyson Park Clubhouse – One split system with electric heat 
• Fire Annex Building 3 – Two packaged units. 

Fire Department Stations 
DDC controllers will be installed in the Fire Department Stations and tied into the citywide EMS.  
The citywide EMS will have the capability to schedule the HVAC equipment units, adjust 
temperature setpoints and view real-time building conditions.  Space temperature setpoints will be 
standardized, with a cooling setpoint of 72˚F and a heating setpoint of 68˚F maintained at all times.  
Below is a list of the Fire Department Stations that will be part of the EMS and the equipment that 
will be controlled. 

• Fire Station #3 – Three split systems with natural gas heat  
• Fire Station #4 – Three split systems with natural gas heat  
• Fire Station #5 – Four split systems with natural gas heat 
• Fire Station #6 – Two split systems with natural gas heat 
• Fire Station #7 – One split system with natural gas heat 
• Fire Station #9 – Three split systems with natural gas heat 
• Fire Station #10 – Three split systems with natural gas heat 
• Fire Station #11 – Two split systems with natural gas heat 
• Fire Station #12 – Two split systems with natural gas heat 
• Fire Station #13 – Two packaged units with natural gas heat 
• Fire Station #14 – One split system with natural gas heat 
• Fire Station #15 – Two split systems with natural gas heat 
• Fire Station #16 – One packaged unit with natural gas heat 
• Fire Station #17 – Two split systems with natural gas heat 
• Fire Station #18 – Three split systems with natural gas heat 
• Fire Station #20 – Three split systems with natural gas heat 
• Fire Station #21 – Two split systems with natural gas heat 
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EMS Maintenance Plan 
An annual maintenance plan is included as part of the proposed EMS.  The purpose of this plan is to 
ensure that the EMS continues to function as described above.  Included in this maintenance plan 
are two days per month for a Tridium certified engineer to verify control sequences are operating 
properly, setback schedules are functioning and temperature setpoints are maintained.  This work will 
be completed offsite, through the user interface.  Additionally, five days per year will be spent onsite 
to field verify the function of the EMS.  This maintenance plan does not include replacing failed 
components of the EMS, such as temperature sensors, CO2 sensors or damper actuators.  It includes 
all technical labor and travel time required to complete a monthly verification of the EMS 
programming and an annual field inspection. 
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Preliminary Measurement and Verification Plan for ECM-3:  EMS 
Upgrade and Expansion 

IPMVP Option D is the proposed M&V option for the Energy Management System (EMS) Upgrade 
and Expansion ECM.  Option D involves procedures for verifying parameters such as temperature 
setpoints and building occupancy as in Option A, and then determining energy savings using 
calibrated building simulation models.  Energy consumption is calculated by developing calibrated, 
hourly simulation models of whole-building energy use with a combination of Trane Trace™ 700 and 
eQUEST™ software.  This is done to compare the baseline energy consumption to the energy 
consumption post-installation of the EMS Upgrade and Expansion ECM.  

Savings Algorithm –Energy Management Systems Upgrade and Expansion: 
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Where: 
kWBase - Total fan and pump motor kW under EMS control, as per calculation in DEA Appendix 
HrsRetro -  Retrofit motor operating hours, as per calculation in DEA Appendix 
HrsBase -  Base motor operating hours during reduced operations period, as per calculation in DEA 

Appendix 
LoadOccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

occupied hours, as per calculation in DEA Appendix 
LoadUnoccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

unoccupied hours, as per calculation in DEA Appendix 
LoadOccRetro - Building load, including infiltration load, (mbtu/hr) with reduced setpoint temperature and 

improved control, as per calculation in DEA Appendix 
LoadUnoccRetro - Building load, including infiltration load, (mbtu/hr) with night setback and improved 

control, as per calculation in DEA Appendix 
HrsOccBase - Baseline heating and cooling bin hours during occupied period, as per calculation in DEA 

Appendix 
HrsUnoccBase - Baseline heating and cooling bin hours during unoccupied period, as per calculation in DEA 

Appendix 
HrsOccRetro - Retrofit heating and cooling bin hours during occupied period, as per calculation in DEA 

Appendix 
HrsUnoccRetro - Retrofit heating and cooling bin hours during unoccupied period, as per calculation in DEA 

Appendix 
Eff - Heating system efficiency, as per calculation in DEA Appendix 
COP - Cooling system coefficient of performance, as per calculation included in DEA Appendix 
$/mmbtu- Unit cost of natural gas, as per calculation in DEA Appendix 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA Appendix 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA Appendix 
$/kWhSummeroffpk - Unit cost of electric off-peak energy, as per calculation in DEA Appendix 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA Appendix 

Analysis Method: 

Baseline cooling and heating loads and existing energy usage were established using two building 
simulation programs, Trane Trace™ 700 and eQUEST Quick Energy Simulation ToolTM.  Typical 
meteorological year weather data (TMY2) for the city of Knoxville, TN was used in the in both 
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modeling programs.  All equipment information and operating assumptions used to generate the 
building simulation models was collected through site visits, manufacturer specification 
documentation and interviews with facility personnel. 

Determination of Energy Savings: 

Energy savings for this measure are derived from the standardization of space temperature setpoints, 
the implementation of setback strategies for HVAC equipment operation and outside air control 
through demand controlled ventilation and air-side economizer.  Energy conservation measures are 
applied to the baseline simulation model to create the post-installation simulation model.  Energy 
savings for this measure are calculated by subtracting the energy consumption of the post-installation 
model from the baseline model.  Model inputs that define both baseline and post-installation building 
models (i.e., hours of operation, cooling and heating set points, cooling and heating loads, equipment 
performance, etc.) are stipulated for the term of the contract. 

Measurement Plan: 

A post-installation site audit will be performed to verify installation in accordance with plan. Annual 
verification surveys will be performed to verify that the installed equipment components or systems 
have been properly maintained based on the manufacturer’s recommended service requirements, and 
continues to operate correctly and generate savings.  

Space temperature setpoints and HVAC equipment setback schedules will be monitored at each 
building on a monthly basis through the EMS. This report can be provided with the annual 
inspection report.  

The predicted energy consumption from the energy simulation model will be compared with the 
actual utility bills.  Ameresco will evaluate the accuracy of the predicted savings.  If the savings differ 
by more than 20% and the discrepancy can’t be explained, Ameresco will determine the cause of the 
difference and may modify the energy simulation model if necessary to explain the differential.   

Baseline measurements have been completed and utilized in the building models.  Post installation 
measurements will be taken during commissioning and by the new control system over a period of 2 
years. The M&V report will be included in the annual inspection survey report for years 1 and 2.  
Upon completion of year 2, the savings will be agreed upon for the remaining term of the contract. 
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ECM 4: Domestic Water Conservation 

ECM Overview 
Ameresco proposes to reduce domestic water consumption at most of the City of Knoxville facilities 
by replacing standard flow domestic water fixtures with low flow water fixtures. As part of this ECM, 
Ameresco will replace existing standard flow toilets with low flow models, retrofit urinals with low 
flow flush valves and modify lavatory faucets with low flow aerators. Please refer to the Appendix for 
details on the proposed equipment. 

ECM Detail 

Existing Conditions 

The City of Knoxville has provided water/sewer by Knoxville Utilities Board (KUB).  Water uses in 
the various facilities include toilets, urinals, sinks, domestic hot water for hand washing and cooking, 
dishwashing, and irrigation. Within most of the facilities, there are standard flow toilets that consume 
more than 3.0 gallons per flush (GPF) and urinals that consume more than 1.5 GPF. The lavatories 
and sinks consume a minimum of 2.0 gallons per minute (GPM).  The urinals in most areas do not 
have automatic flush valves. 

 
Facilities Included in Water Conservation Scope 
Adair Park Happy Homes Recreation Center 
Adair Park Community Center Hecht Pavilion 
Adaptive Recreation Center Holston Chilhowee Park 
Alice Bell Park Holston River Park 
Ashley Nicole Playground, RR Ijams Nature Center 
Badgett Field Impound Lot 
Bearden Middle Schools Field Inskip Pool Buildings 
Cal Johnson Recreation Center Inskip Recreation Center 
Caswell Park Jacob Building 
Cecil Webb Recreation Center John T. O'Connor Senior Citizens Center 
Charter Doyle Park House K-9 Kennel 
Charter E. Doyle Park Kerr Building (Golden Gloves Arena) 
Chilhowee Park Office Building Knoxville Convention Center 
Christenberry Ball Fields Knoxville Municipal Golf Course 
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Facilities Included in Water Conservation Scope 
Christenberry Family Center KPD/Components Shop 
City Employees health Center  KPD/Motorcycle Shop 
Civic Auditorium Coliseum Larry Cox Senior Center 
Claude Walker Field Buildings 
(Concessions/Restrooms) 

Lyons View Recreation Center 

Cumberland Estates Recreation Center Maynard Glenn Park 
Deane Hill Recreation Center Milton Roberts Recreation Center 
E.V. Davidson Recreation Center Oakland Recreation Center 
Ed Cothran Pool Buildings Pension Board  
Elm Street Public Service Dept Facility 
(includes Solid Waste transfer station, 
household hazardous waste, & Scale 
House) 

Public Safety Building 

Fairview Recreation Center Public Service Horticulture 
Fire Annex Building 1 Public Service Warehouse 
Fire Annex Building 4 Public Service Zones 
Fire Department Arson Bureau Recreation/Athletics  
Fire Department Headquarters Richard Leake Recreation Center 
Fire Department Training Center Ridley Helton Park 
Fire Station # 10 Rocky City Field 
Fire Station # 11 Safety City Offices 
Fire Station # 12 Sam Duff Park 
Fire Station # 13 Sequoyah Hills Park 
Fire Station # 14 Skyline Park 
Fire Station # 15 South Knoxville Community Center 
Fire Station # 16 South Knoxville Optimist Club 
Fire Station # 17 Traffic Engineering Complex 
Fire Station # 18 Truancy Center 
Fire Station # 20 TVA Pavillion & Ballfield 
Fire Station # 21 Tyson Park 
Fire Station # 3 Tyson Park Clubhouse 
Fire Station # 4 Victor Ashe Park 
Fire Station # 5 West Haven Recreation Center 
Fire Station # 6 Whittle Springs Golf Course 
Fire Station # 7 WMS Creek/WEE Golf Course 
Fire Station # 9 Worlds Fair Park Security Building 
Fleet Fuel Pumps RR and Office Worlds Fair Park Sunsphere 
Fountain City Recreation Center  
 

The facilities not included have no opportunity, were under renovation, have no water fixtures, or 
could not be accessed. 

Proposed Conditions 
Ameresco proposes to replace existing commercial type water fixtures where applicable. New water-
saving fixtures, such as new china, will be selected to be equivalent to existing equipment. Where 



 

Detailed Energy Audit “Page content is subject to Confidentiality Restrictions” 

City of Knoxville                                                                                                          ECM 4: Domestic Water Conservation  
September 28, 2009     Page 3 

china can be reused, only the valves and brass will be replaced for the most cost effective retrofit. All 
equipment intended to modify existing fixtures, such as sink aerators, will be sized to work with 
existing equipment. Where plumbing fixtures, such as new toilets, connect to the existing water and 
waste lines; minor repairs will be made as necessary to complete the installation of the new devices. 
When necessary, water service to the plumbing fixtures will be shut off during the installation. 
Interruptions to other areas of the building will be kept to a minimum. 

Summary of Upgrades and Non-Upgrades 

Item Description Existing Quantity Upgrades Non-Upgrades 
Flushometer Toilets 785 481 304 Toilet Tank Toilets 99 52 47 

Urinals 310 209 101 
Showers 209 140 69 

Lavatory 813 797 16 
Utility 54 0 54 
Kitchen 153 40 113 Faucets 

Pre-Rinse 6 4 2 
Totals 2429 1723 706 

Summary of Retrofit Descriptions 

Retrofit Description Quantity 
P-1 Pressure Assist Standard Height, Elongated Front, 1.0 GPF.: 49 
P-2 Pressure Assist ADA Height Compliant, Elongated Front, 1.0 GPF 3 
P-3 Standard Height, Elongated Front, 1.6 GPF, Floor Mount, Flushometer 
bowl and valve 355 

P-4 ADA Height, Elongated Front, 1.6 GPF, Floor Mount, Flushometer bowl 
and valve: 43 

P-5 Standard Height, Elongated Front, 1.6 GPF Wall Mount, Wall Discharge 
Flushometer bowl and valve 83 

Replace Flushometers on Urinals 209 
Replace Showerheads 140 
Replace Pre-Rinse Spray Valve 4 
Replace Faucet Aerators 0.5 GPM 725 
Replace Faucet Aerators 1.5 GPM 40 
Replace Bathroom Faucets (push Button) 72 

SUBTOTAL >>> 1723 

See appendix for detail by building. 

Commercial Toilets and Flush Valves 

Ameresco proposes to replace existing commercial type toilets equipped with diaphragm flush valves 
with new 1.6 GPF toilets equipped with piston operated, manual flush valves. Ameresco will be 
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installing Kohler or equivalent fixtures (depending on site conditions) with matching piston-operated 
manual flush valves by Toto, Zurn, or Sloan in areas with high flow toilets. 

Urinal Valves 

Like the toilets, the urinal diaphragm flush-valves will be replaced with piston valves.  The existing 
urinals flush an average of 1.5 GPF. The proposed valves will reduce consumption to 1.0 GPF. 
Exposed urinal flush valves will be replaced. Automatic flush valves that cannot be retrofit without 
replacing automatic flusher will not be replaced. Concealed flush valves will not be replaced. The 
diaphragms in concealed and automatic flush valves will be replaced to reduce flow to 1.0 GPF. 

Showers 

Ameresco proposes to replace existing showerheads with low-flow showerheads. Ameresco will 
install 1.75 GPM showerheads onto existing threaded shower arms.   

Hand Washing and Kitchen Sinks 

Ameresco proposes to install aerators with flows of 0.5 GPF in faucets that can accommodate an 
aerator. Tamper-proof aerators will be installed in all locations. A few faucets may not be capable of 
accommodating an aerator. In-line faucet restrictors rated at 0.5 GPM will be installed at each 
bathroom faucet valve that cannot accommodate an aerator. This will include a new supply line. The 
pre-rinse sprayers found in the commercial kitchens can be replaced with 1.5 GPM models. 

Integration of Proposed Equipment with Existing Systems 

New water-saving fixtures, such as new china, will be selected to be equivalent to existing equipment. 
All equipment intended to modify existing fixtures, such as sink aerators, will be sized to work with 
existing equipment. Plumbing fixtures, such as new toilets, will be connected to the existing water 
and waste lines; minor repairs will be made as necessary to complete the installation of the new 
devices. When necessary, water service to the plumbing fixtures will be shut off during the 
installation. Interruptions to other areas of the building will be kept to a minimum. Major repairs to 
plumbing mains are not included in this proposal. 

Equipment, Design and Construction Documentation 

Equipment will be identified in submittals provided to City of Knoxville for approval prior to 
procurement. Documents will be submitted to the engineering maintenance department, for their 
review and comment. Upon approval, these will constitute the construction documents. Upon 
completion of the construction phase, the documents will be revised as needed to reflect “As-Built” 
conditions, and submitted in multiple to City of Knoxville for record. 
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Impact on Facility Operations and Performance 

The low flow water fixtures will enhance facility operations by reducing water usage and reduce 
maintenance costs. 
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Preliminary Measurement and Verification Plan for ECM-4:  Domestic 
Water Conservation 

IPMVP Option A is the proposed M&V option for this project since the majority of the uncertainty 
associated with the project can be mitigated through verification of baseline and post-installation 
conditions.  Option A involves verifying that the measure has the potential to perform and to 
generate savings. Performance verification techniques include engineering calculations with one-time 
representative measured values, resulting in measured verification of performance.  With the chosen 
method, fixture usages are agreed upon. 

This project will reduce the quantity of water consumed by sanitary water fixtures. We calculate water 
savings using the difference in measured baseline and post-installation flush volumes or flow rates 
for toilet, urinal, and faucets and the agreed upon number of uses per day. For purposes of analysis, 
we grouped together all baseline toilets, urinals and faucets found the in the building. For each group 
of fixture type, we measured the toilet and urinal consumption in units of gallons per flush and 
faucets were measured in gallons per minute in a statistically valid sample of fixtures. 

After implementation of this project, a statistically valid sample of each group of sanitary fixtures will 
be measured. All measurements will be a one-time measurement for the post-installation 
performance. Measurements will be done similar to those in the baseline measurements. 
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Savings Algorithm – Domestic Water Conservation: 
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Where: 

Occupants - Number of Occupants, as per calculation in DEA 
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Usage Factor - Frequency of fixture usage (occurrences or time length), as per calculation in DEA 
FlowRateBase - Base fixture flow rate, as per calculation in DEA 
FlowRateRetro - Retrofit fixture flow rate, as per calculation in DEA, subject to metering described below 
UUF - Percentage of times urinal used with respect to toilet usage, as per calculation in DEA 
OccupantDays - Number of days occupant in facility, per year, as per calculation in DEA 
OccFact - Percentage of OccupantDays occupants actually in facility, as per calculation in DEA 
Tempdhw - Blended temperature of utilized domestic water, as per calculation in DEA 
TempGW - Temperature of ground water before heated, as per calculation in DEA 
η Water Heater - Efficiency of facility’s domestic hot water heating system, as per calculation in DEA 
WellPressure - Pressure maintained on the discharge of the pumps, as per calculation in DEA 
WellStatic - Static head on the suction side of the pumps, as per calculation in DEA 
Hrs   -  Well pump operating hours, as per calculation in DEA 

$/kgal - Unit cost of water, as per calculation in DEA 
$/mmbtu - Unit cost of fossil fuel, as per calculation in DEA 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhSummeroffpk - Unit cost of electric off-peak energy, as per calculation in DEA  
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 

Determination of Energy Savings: 
Actual energy savings is determined by the following equation: 
Actual Energy Savings = Baseline energy consumption – Post-installation energy consumption 
Baseline performance factors such as frequency of fixture usage and occupancy schedules have been 
determined based on site interviews and industry standard benchmarks. Baseline water use is 
established using flow measurements and utilization factors for a representative 5% of each fixture 
type.  Flows for toilets and urinals are established by using a plug to prevent the water from entering 
the waste system during the flush cycle.  The water is then diverted into a holding device with a 
known volume.  

Utilization is based on industry standard benchmarks developed by the U.S. Department of Energy 
(DOE) and American Water Works Association (AWWA).  Benchmarks used to calculate the 
baseline consumption are compared to actual historical utility information to validate the accuracy of 
the calculations. 

Water savings are derived from comparing the proposed fixture water usage with the baseline fixture 
water usage. As explained above, a sample group of fixtures will be measured to verify the fixture 
water usage. 

Post-installation energy usage is derived from the baseline energy use and the difference in flow rates 
of the old fixtures versus the flow rate of the retrofit fixtures.  Post-installation flow rates and energy 
consumption will be verified in accordance with this M&V plan.  Energy savings calculations can be 
found in the Appendix of this ECM.   

Measurement Plan 
A post-installation audit will be performed to verify installation in accordance with proposed design. 
Annual verification surveys will be performed to verify that the installed equipment components or 
systems have been properly maintained and continue to operate correctly and generate savings. One-
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time measurement of water fixtures water usage (gallons per flush or gallons per minute) and agreed-
upon operating conditions will be used for the contract term.   

Sampling Plan: 

Sample fixture types containing at a minimum ten fixtures were measured for water usage. A 
representative 5% of each fixture type will be measured for fixture types with 50 or more to be 
replaced or retrofitted. Fixture types or groups were defined by types of usage (sinks, urinals, 
toilets and showers). Usage groups were assigned to fixtures that have similar use patterns and 
comparable average operating hours. The replacement water fixtures will be measured at the time 
of the installation to verify that the equipment operates correctly and generates savings. 

Adjustments to the Baseline 
Savings in this measure is based on fixture usage. Adjustments to the baseline would be made based 
on changes in the quantity of fixtures and personnel. Higher quantity of fixtures will not affect the 
savings on the retrofitted fixtures. Higher personnel numbers will result in higher baseline water 
usage. For example of a four gallon per flush (gpf) toilet retrofitted to 1.6 gpf toilet will save 2.4 gpf 
with any number of people. Going from 100 to 120 people the equations are shown below. 
Initial Baseline- 100 people X 4 gpf toilet = 400 gallons 
Initial Savings- 100 people X 2.4 gpf savings = 240 gallons 
Adjusted Baseline- 120 people X 4 gpf toilet = 480 gallons 
Adjusted Savings- 120 people X 2.4 gpf savings = 288 gallons 
The baseline increases, and the savings also increase. The reverse is also true for lower personnel 
counts. Changes in weather and building square footage will not affect this measure. 
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ECM 5:   Irrigation System Upgrades 

ECM Overview 
Ameresco will reduce the water usage at six parks throughout the city by installing state of the art 
irrigation controls.  Ameresco will reduce the City’s water cost by installing a 1.2 million gallon pond 
at Whittle Springs Golf Course and new irrigation controls and removing Volunteer Landing, Lower 
Second Creek parking lot and the Worlds Fair Park Lake from the Knoxville Utilities Board water 
system. Ameresco will install controllers with a weather station, flow sensor, and rain sensors at 
Casewell Park, Victor Ashe Park, Holston River Park, Ridley Helton Fields, and Danny Mayfield 
Park. 

ECM Detail 
Whittle Spring Golf Course 

Existing Conditions 
Whittle Springs Golf Course is an 18 hole municipal golf course located in northeast Knoxville.  This 
course is irrigated with domestic water by way of KUB.  The current irrigation system is operated 
during the spring, summer, and fall seasons.  The system is operated 5 days a week in the morning 
hours for 1 hour per day and is turned off by the maintenance personnel when raining.  Water is 
pumped through the system to the numerous irrigation heads throughout the course. Excess water 
use  occurs through the use of the system on days that do not require water due to weather 
conditions.   

Proposed Conditions 
Ameresco proposes to install a 1.2 million gallon pond on the 10th  hole of the course. The pond will 
measure 147’ x 147’ x 8’ deep. The pond will be placed where the stream currently runs through 
underground culvert piping that travels underneath the 10th hole green for 200’. The pond will utilize 
a pump switch that will keep the pond from draining too low. An existing well that is not being 
utilized at this time will be connected to the pond for makeup water if the ponds depth is not 
sufficient. A pump will be installed and a 2’ line will be run to the existing pump house located near 
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the rear of the course near the start of the 11th hole. A three way valve will be installed in the pump 
house that will be connected to the newly run water line and to the City’s existing water line that is 
supplied by way of KUB. When water levels in the pond are not sufficient to maintain the water 
levels needed for  irrigation, or  possible equipment failure, or service times the valve will allow the 
system to return to the use of KUB water. The 10th hole will be redesigned to maintain a level of 
playability that fits the difficulty level of the course.  

A new automated irrigation control system will also be added to replace of the current manually 
controlled irrigation system. The new controller will utilize a flow sensor, moisture senor, and rain 
sensor to ensure that the proper amount of water is used for irrigation and will also minimize the use 
of irrigation when not needed due to weather. A weather station will also be installed that will track 
the local forecast and adjust the schedule of the irrigation to meet the needs of the course.  

 

Volunteer Landing 

Existing Conditions 
Volunteer Landing is a public park along the banks of the Tennessee River.  This park has several 
water features that are supplied water by way of KUB.  These water features operate during the 
spring, summer and fall seasons.  There are constant flow features such as waterfalls and variable 
flow features such as water geysers.  Water is pumped through the system to the water features, 
recaptured into a pool area and re-circulated.  Water loss occurs through evaporation and spillage.  
Currently, the make-up water is supplied by KUB at regular water rates.   

There are also several pumps in use for the water feature system.  The geyser pumps have new 
VFDs.  However, the constant flow feature pumps do not.  Normally these pumps would not have 
VFDs.  However, at present, flow is controlled by way of a throttling valve.  This valve is at least 50 
percent closed.  This induces an artificial load on the pump as head pressure is increased when the 
valve is closed.  Higher head pressures decrease the life of the pump and pump motor. 

Proposed Conditions 
Ameresco proposes to install water well at Volunteer Landing to supply makeup water to the water 
feature system.  The well will be installed in a small section of the parking lot near the main pump 
house.  The well will be drilled to a depth necessary to provide 50 gallons per minute of makeup 
water.  A variable frequency drive and submersible well pump will be installed to deliver the makeup 
water to the supply system located in the pump house.  The system will remain attached to the KUB 
water system so that during possible equipment failure or service times, the system can function 
without interruption. 
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Ameresco proposes to install VFDs on the constant volume water feature pumps.  The VFDs will 
allow the flow to be throttled back and the valve used for flow control to be opened.  This will 
reduce the load and head pressure on the existing pumps increasing the life of the pumps and motors 
and lowering the utility cost. 

Lower Second Creek (Parking Lot) and Holston River 
Park 

Existing Conditions 
Lower Second Creek is a parking lot and grass area along the banks of the Second Creek.  This area is 
irrigated.  The irrigation system is currently provided water by KUB.  Irrigation takes place during the 
spring, summer and fall seasons.  There is a Hunter automatic irrigation system in place with weather 
station.  This prevents over-irrigation of the area.   

Holston River Park is a parking lot and park area along the banks of the Holston River.  This area is 
irrigated.  The irrigation system is currently provided water by KUB.  Irrigation takes place during the 
spring, summer and fall seasons.   

Proposed Conditions 
Ameresco proposes to install a submersible pump in Second Creek to supply water to the irrigation 
system at Lower Second Creek and in the Holston River to supply the irrigation system at Holston 
River Park.  The pump will be installed at a depth that will provide approximately 60 gallons per 
minute of water.  The pump and necessary piping will be connected to the existing irrigation piping.  
The system will remain attached to the KUB water system so that during possible equipment failure 
or service times, the system can function without interruption. 

Worlds Fair Park 

Existing Conditions 
Worlds Fair Park has a large man made lake that is provided make-up water by KUB.  This lake loses 
water on a daily basis due to evaporation.  The lake is also drained periodically for maintenance and 
then refilled.  The lake also has a waterfall feature at the north and south ends of the lake.   

Proposed Conditions 
Ameresco proposes to install water well at Worlds Fair Park to supply makeup water to the man 
made lake.  The well will be installed in a location that is both advantages to installation and out of 
the way of park visitors.  The well will be drilled to a depth necessary to provide 50 gallons per 
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minute of makeup water.  A variable frequency drive and submersible well pump will be installed to 
deliver the makeup water to the supply system located in the pump house.  The system will remain 
attached to the KUB water system so that during possible equipment failure or service times, the 
system can function without interruption. 

Public Parks 

Existing Conditions 
Currently, the City of Knoxville has irrigation systems at the parks listed below. 

• Ridley Helton Park 

• Ashley Nicole Playground 

• Caswell Park 

• Holston River Park 

• Victor Ashe Park 

• Danny Mayfield Park 

The irrigation system is manually controlled.  City personnel drive to each park, turn on the irrigation 
system and either wait while it irrigates, or leave and come back at a later time to turn the system off.  
This can be quite time consuming based on how often there is an irrigation requirement.   

Proposed Conditions 
The City of Knoxville can save water currently applied to their parks, athletic fields and golf courses 
by using automatic irrigation controls, rain sensors, and soil moisture sensors.  

Ameresco proposes to install controllers with a weather station and flow sensor.  The weather station 
has wind and rain sensors. Wind sensors shut the irrigation system off it is to windy for the irrigation 
water to be properly applied.  A rain sensor will turn off the irrigation system if at least 0.25 inches of 
rain has fallen. The rain sensor has tiny discs which expand in size and then dry out to their normal 
size and allow the irrigation system to turn on again.   

Current controllers do not have rain sensor capability.  New controllers must be installed for rain 
sensors to be used.  The recommended controller to provide this capability includes another new 
technology - soil moisture sensors.  Rain sensors and soil-moisture sensors together will lower water 
usage to the level required by the turf grass on these fields and fairways.   
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Impact on Facility Operations and Performance 

The proposed new automated irrigation systems will benefit system performance as irrigating will be 
optimized.  City personnel will be freed up from driving across town to manually operate the 
irrigation systems.   
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Environmental Impact 

There are no potential adverse environmental impacts associated with the installation the new 
irrigation controls. The pond will also assist in the filtration of sediments out of First Creek.   

Integration of Proposed Equipment with Existing Systems 

The new equipment would require connection to the existing irrigation systems.  

Special Operating Requirements 

There are no special operating requirements associated with the installation of the new equipment.  
City of Knoxville staff will be expected to operate and maintain the equipment in accordance with 
the manufacturer’s and Ameresco’s recommendations.  Training in operation and maintenance of the 
equipment will be provided as part of the project commissioning process.  
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Preliminary Measurement and Verification Plan for ECM-5:  Irrigation 
System Upgrades 

Ameresco is using IPMVP Option A to establish the savings for ECM-5.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions. Performance verification will include engineering 
calculations with one-time representative measured values, resulting in measured verification of 
performance. 

Savings Algorithm – Irrigation System Upgrades: 
Savings = Baseline Water Usage – Post Water Usage 
 

DUMAIWPost
UsageWaterBilledBaseline

PostBaselineSavings

Water

Water

WaterWater

÷×÷×=
=

−=

317%
 

Where: 
IW - irrigation water usage to apply 1” of water per week per acre 
MA% - Monthly application percentage based on utilized rainfall amounts from 30 year rain fall data 
DU - direct utilization rate, amount of irrigation water that is utilized 

Determination of Energy Savings: 
Actual energy savings is determined by the following equation: 
Actual Energy Savings = Baseline energy consumption – Post-installation energy consumption 
For irrigation savings, the baseline energy consumption is based on the billed amounts of water 
consumption for irrigation.  Each site that has an irrigation system has a dedicated irrigation meter.  
Ameresco had two years worth of utility data to analyze.  The baseline was considered to be the two 
year average of water used by each meter corresponding to the irrigation systems.  Interviews were 
also conducted to determine irrigation methodology.  City personnel drive to each site and operate 
the system on a daily basis typically regardless of weather.  Therefore, over irrigation occurs when 
there has been rain fall through the week.  They also enable the system, leave and return at a later 
time to turn off the system.  If the employee is delayed, this also results in over watering.  Benchmark 
standards for irrigation such as one inch per acre per week were used to determine the amount of 
irrigation required for each site accounting for weather.  30 year bin data for rain fall was used to 
determine the average amounts of rainfall per month.  Calculations also allow for evaporation and 
waste due to wind.  Post-installation energy usage is derived from the baseline use and the difference 
in irrigation rates due to the new controlled irrigation system.  Post-installation irrigation rates are 
calculated.  Energy savings calculations can be found in the Appendix of this ECM.   
Well savings are calculated based on the average water use for the two year utility data provided.  
Each well serves an area that has a dedicated water meter so installation of the well will allow the 
system to no longer require utility supplied water.  Savings are based on water use and do not include 
customer charge as the meter will remain for emergency backup.  Savings for the well sites assume 
that the system will require no utility supplied water.  The savings for the pond are assumed to be 
75% of the actual consumption to allow for possible drought that could reduce the ability of the 
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pond to provide 100% of irrigation thereby requiring the minimal use of utility supplied water.  
These savings will be agreed upon for the length of the contract. 

Measurement Plan 
A post-installation audit will be performed to verify installation in accordance with proposed design. 
Annual verification surveys will be performed to verify that the installed equipment components or 
systems have been properly maintained and continue to operate correctly and generate savings.  
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ECM 6: HVAC Equipment Upgrades 

ECM Overview 
Ameresco is proposing several different types of upgrades to the HVAC equipment throughout the 
City.  Some of these upgrades are listed in this section and others, due to their nature, are listed in the 
different ECMs of this document. 

ECM Detail 
Knoxville Convention Center 

Existing Conditions 
The Knoxville Convention Center (KCC) has an extremely large electrical equipment room located 
on the South East corner of the facility.  The equipment gives off a tremendous amount of heat.  
Therefore, a dedicated AHU (AHU 12) was installed to serve this area.  This unit has a chilled water 
coil and a hot water coil.  During times when the chiller is running, the chilled water coil provides 
cooling to the electrical room to reduce the heat load.  However, AHU 12 has no outside air intake 
and utilizes 100 percent re-circulated air.  When the chiller is not running, there is no practical means 
to cool the electrical room.  Currently, when the chiller is not running, AHU 12 and AHU 10 are run 
in conjunction with each other.  The 200 hp chilled water pump is operated so that the chilled water 
circulates through the AHUs.  Outside air is brought in through AHU 10 which in turn actually cools 
the chilled water coil in AHU 10.  This in turn cools the chilled water loop allowing AHU 12 to 
somewhat cool the electrical room. 

AHU 10 is used to provide heating and cooling to the administration area and kitchen.  It has a 
chilled water coil and heating coil.  Cooling is provided by two, 1000 ton McQuay chillers.  During 
mild weather conditions when the facility is unoccupied except for staff, the chiller has to be 
operated to provide cooling just for the administration area.  This means that a 1000 ton chiller is 
operating at basically a no-load condition which is the most inefficient point of operation.  Further, a 
200 hp chilled water pump is running, at reduced load, to serve AHU 10 with chilled water to cool a 
small portion of the facility for a minimal amount of occupants. 
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Proposed Conditions 
Ameresco proposes to install an outside air duct to AHU 12.  This duct will be sized to allow 100 
percent of air flow to come from the outside air thereby allowing the electrical room to be cooled on 
winter and mild weather days when the chiller is not running.  Outside air dampers and return air 
dampers will be automated to allow the outside air to be shut off when the outside air temperature is 
higher than the return air temperature.  This will allow AHU 10 and the chilled water pump to 
remain off when there is a cooling need for only the electrical room. 

Ameresco proposes to install a direct expansion (DX) coiling coil in AHU 10 with a matching 
condensing unit located on the roof.  This unit will only operate when the administration area is 
occupied and the only cooling load for the facility is that of the administration area.  This unit will be 
sized to fit in the existing unit and not sized to meet 100% cooling load requirement for AHU 10.  If 
the cooling load requirement is nearing design, then the chiller should be running.  When the chiller 
is operating, the DX coil will be disabled.  This will allow the chiller and chilled water pump to 
remain off during low load conditions such as warmer winter days, and mild days during the spring 
and fall. 

Knoxville Civic Auditorium Coliseum 

Existing Conditions 
The existing AHU motors for the Knoxville Civic Auditorium Coliseum (KCAC) are original to the 
building except for AHU J.  These motors are past useful life and inefficient.  Two of the three dual 
temperature water loop pumps have already been replaced.  However, one pump has a 40 hp motor 
that is older and inefficient.  There are three motors for the cooling tower that are inefficient.  All the 
motors except for AHU G will be inverter duty rated for the installation of VFDs detailed in ECM 7. 

Motor Location Motor Size 
AHU A 10 hp, 1160 RPM 
AHU B  10 hp, 1160 RPM 
AHU C  50 hp, 865 RPM 
AHU D  50 hp, 865 RPM 
AHU F  7.5 hp 
AHU G 10 hp 
AHU H  10 hp 
Cooling Tower Motors (3 total) 20 hp 

There are a total of six locker rooms in the coliseum area.  Four of these are smaller and there are 
two main locker rooms used by the hockey teams.  The home team locker room has a small duct 
coming off the main air supply branch from AHU C.  This duct is not sufficiently sized to provide 
enough air flow to ventilate and cool the locker room.  The other locker rooms have no air supply 
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into them.  They have exhaust fans that were designed to exhaust stale air while pulling in fresh air 
from the conditioned space of the building.  However, over time, the locker room doors have been 
changed from louvered doors to non-louvered doors preventing the flow of fresh air into the rooms. 

Proposed Conditions 
Ameresco proposes to replace the existing motors listed in the table below with new high efficiency 
motors. 

Motor Location Motor Size 
AHU A 10 hp, 1160 RPM 
AHU B  10 hp, 1160 RPM 
AHU C  50 hp, 865 RPM 
AHU D  50 hp, 865 RPM 
AHU F  7.5 hp 
AHU G 10 hp 
AHU H  10 hp 
Cooling Tower Motors (3 total) 20 hp 

All the motors except for AHU G will be inverter duty rated for the installation of VFDs detailed in 
ECM 7. 

Ameresco proposes to install ductwork from the main ducts of AHUs C and D to the corresponding 
locker rooms to provide conditioned air to the space in all six locker rooms.  The duct work will 
terminate in the space at a diffuser equipped with a manual damper.  The damper can be opened or 
closed as needed to change the air flow into the locker rooms to provide the desired amount of 
cooling to the space. 

Fire Department Headquarters 

Existing Conditions 
The majority of the building is heated and cooled by a multi-zone AHU.  This unit has an electric 
heat deck for heating and a chilled water coil for cooling.  The chilled water system consists of one 
chilled water pump and two air cooled chillers located on the roof.  The chilled water loop has no 
freeze protection.  To prevent the water in the chilled water loop and chillers from freezing in the 
winter, the chilled water pump is operated to circulate water through the MZ AHU picking up 
residual heat from the air bypassing the heating deck and flowing over the cooling coil.  Essentially, 
the electric heating deck is being used as an indirect heater for the chilled water loop. 
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Proposed Conditions 
Ameresco proposes to add glycol to the chilled water loop.  This will prevent the water in the chilled 
water loop and the chillers from freezing in the winter.  This will allow the chilled water pump to 
operate only when there is a cooling load reducing energy cost and extending pump life.  Also, this 
will lower utility cost as the hot deck will no longer be heating the chilled water loop in the winter. 

Impact on Facility Operations and Performance 

The proposed new heating and cooling equipment is expected to benefit facility performance and 
appearance and increase occupant comfort.  Maintenance and repair of the existing systems will be 
substantially reduced. 

Environmental Impact 

There are no potential adverse environmental impacts associated with the installation of the new 
equipment.  Indoor air quality and control of temperature and humidity and the conditioned spaces 
will improve. 

Integration of Proposed Equipment with Existing Systems 

The new equipment would require connection to the existing electrical system.  

Special Operating Requirements 

There are no special operating requirements associated with the installation of the new equipment.  
City of Knoxville staff will be expected to operate and maintain the equipment in accordance with 
the manufacturer’s and Ameresco’s recommendations.  Training in operation and maintenance of the 
equipment will be provided as part of the project commissioning process. 
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ECM-6:  HVAC Equipment Upgrades 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions by utilizing manufacturer guaranteed equipment rated 
efficiencies, ARI performance, and efficiency values.  Energy consumption is calculated by 
developing calibrated, hourly simulation models of whole-building energy use with Trane Trace™ 
700 software.  This is done to compare the baseline energy consumption to the energy consumption 
post-installation of the HVAC Equipment Upgrades ECM.  The model inputs and outputs are 
stipulated for the term of the contract. 

Savings Algorithm – HVAC Equipment Upgrades: 
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Where: 
kWBase - Total fan and pump motor kW under EMS control, as per calculation in DEA 
HrsRetro - Retrofit motor operating hours, as per calculation in DEA 
HrsBase -  Base motor operating hours during reduced operations period, as per calculation in DEA 
LoadOccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

occupied hours, as per calculation in DEA 
LoadUnoccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

unoccupied hours, as per calculation in DEA 
LoadOccRetro - Building load, including infiltration load, (mbtu/hr) with reduced setpoint temperature and 

improved control, as per calculation in DEA 
LoadUnoccRetro - Building load, including infiltration load, (mbtu/hr) with night setback and improved 

control, as per calculation in DEA 
HrsOccBase - Baseline heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccBase - Baseline heating and cooling bin hours during unoccupied period, as per calculation in DEA 
HrsOccRetro - Retrofit heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccRetro - Retrofit heating and cooling bin hours during unoccupied period, as per calculation in DEA 
Eff - Heating system efficiency, as per calculation in DEA 
COP - Cooling system coefficient of performance, as per calculation included in DEA 
$/mmbtu- Unit cost of fossil fuel, as per calculation in DEA 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhSummeroffpk -Unit cost of electric off-peak energy, as per calculation in DEA 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 

 

Analysis Method: 

A baseline heating and cooling load and energy consumption for the Knoxville Convention Center, 
Knoxville Civic Auditorium Coliseum, and Knoxville Fire Department Headquarters facilities was 
first established using Trane Trace™ 700 building simulation software program.  The baseline 
computer simulation has been calibrated with the information provided by the operators of the 
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buildings, mechanical drawings and manufacturer’s specifications.  Utility bills provided by the 
building owner for the past two years have also been used to calibrate the baseline model.  

Weather data for Knoxville, TN was used to determine the building’s heating load.  From the 24-
hour, year-round load profile obtained from Trace™ 700, an energy use and electric demand profile 
was established for the facilities’ based on existing steam and hot water natural gas boilers and their 
associated steam and hot water distribution systems, air cooled/ water cooled chilled water systems 
and associated pumping, and AHU operation characteristics.  Operation strategies were based on 
conversations with facility personnel. 

The performance of each of the existing boilers is based on the boilers rated heating capacity from 
the boilers physical tags, which shows the MBH full load capacity.  Boiler load characteristics were 
determined by using the default boiler performance curves found in Trace™ 700 for each type.  The 
performance of each of the existing chillers is based on the chiller’s rated kW/ton from the original 
manufacturer’s submittal, which shows the kW/ton at the ARI certification point (full load, 44°F 
chilled water supply temperature, and 85°F entering condenser water temperature).  Chiller unloading 
characteristics were determined by using the default chiller performance curves found in Trace™ 700 
for each type.  AHUs were sized and zoned as shown by the building drawings provided by City of 
Knoxville.  Fan motor efficiencies were based on manufactured data from physical tags located on 
both AHUs and fan motors. 

Determination of Energy Savings: 

Savings for this measure are derived from increasing fan motor efficiency from the baseline to the 
proposed conditions at the Knoxville Civic Auditorium, and reducing the chilled water pump energy 
and chiller plant run hours at the Knoxville Convention Center and the Fire Department 
Headquarters.  Baseline and proposed performance factors such as motor efficiency, equipment 
schedules and chilled water setpoints have been determined based on site-interview, operational logs, 
and original design plans.  Each of these factors was entered into the Trane Trace™ 700 model.  The 
energy savings for this measure were determined by comparing the total baseline energy 
consumption of the fan motor, chilled water pump and chiller plant with the corresponding energy 
consumption of the proposed equipment through the use of Trane Trace™ 700 calibrated models. 

Measurement Plan: 

A post-installation site audit will be performed to verify installation in accordance with plan. Annual 
verification surveys will be performed to verify that the installed equipment components or systems 
have been properly maintained based on the manufacturer’s recommended service requirements and 
continue to operate correctly and generate savings.  Energy savings are based on the building model 
inputs and output.  Input variables are mutually agreed to and savings determined by the model 
agreed to for the length of the contract. 
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ECM 7: HVAC VFD Upgrades 

ECM Overview 
Ameresco is proposing to install variable frequency drives (VFDs) on several AHUs in the Knoxville 
Civic Auditorium Coliseum, Knoxville Public Safety Building, and the Knoxville Fire Department 
Headquarters Building. 

ECM Detail 
Knoxville Civic Auditorium Coliseum 

Existing Conditions 
The AHUs at the KCAC are constant volume and run at full speed continually when operating.  The 
AHUs deliver the amount of air necessary for full load conditions even if full load conditions do not 
exist.  This uses more energy than required during low load conditions.   

Proposed Conditions 
Ameresco proposes to install VFDs on AHUs A, B, C, D, F, and H.  These units will receive new 
high efficiency, inverter duty rated fan motors as described in ECM 6.  A VFD will be installed at 
each AHU to control the fan motor.  Ameresco does not propose to change the design of the AHUs 
or their duct work for full VAV operation.  Instead, the VFDs will be set up to operate at 50 percent 
capacity during semi-occupied times or when the facility is only occupied by staff.  During a regular 
event, the VFDs would return the AHUs to full speed.  Also, temperatures will be monitored when 
the units are at 50 percent operation to ensure that set points are maintained.  Energy savings will be 
realized by operating the units at 50 percent during low load conditions because reducing the speed 
of the fan motor reduces the power required by the motor by the cube root.  AHU belt life will be 
extended as VFDs allow for “soft” starts reducing the strain and friction on belts when first starting 
up the AHU. 
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Knoxville Public Safety Building 

Existing Conditions 
AHUs A, B, C, D, E, and H at the KPSB are constant volume, multi-zone units.  These units have 
chilled water cold decks and steam hot decks.  Each air handling unit has a constant volume supply 
fan and two decks, one deck with a steam coil and one with a chilled water coil.  The air stream 
within each unit is split so that a percentage of the air passes through the steam coil and a percentage 
passes through the chilled water coil.  Hot air and cold air from the two decks is blended together so 
that the supply air downstream of the unit becomes temperate.  The space temperature is maintained 
by regulating the flow of this temperate air to each zone by pneumatically actuated zone dampers. 

While hot deck/cold deck systems provide accurate control of the space temperature, they are energy 
inefficient.  The system design forces load on both the hot and cold decks even when there is no load 
within the building.  This means that energy is expended to simultaneously heat and cool the supply 
air from the air handling unit, regardless of the conditions in the space.   .   

AHU F and G are constant volume, single zone units.  They operate at a constant speed at all times.   

Proposed Conditions 
Ameresco proposes to convert multi-zone AHUs A, B, C, D, E, and H to VAV operation.  These 
AHUs have a different number of zones per unit, see table below.   

Zone CFM Zone CFM Zone CFM Zone CFM Zone CFM Zone CFM
1 910 1 520 1 1350 1 3770 1 350 1 3880
2 950 2 1000 2 270 2 1440 2 420 2 1200
3 5200 3 1200 3 600 3 1410 3 1700
4 1200 4 400 4 520 4 300 4 580
5 1100 5 1060 5 800
6 880 6 600

7 700

E HA B C D

 

A VAV box will be installed for each zone.  A steam reheat coil will also be installed for each zone.  
The hot deck/ cold deck dampers will be removed and the hot deck blanked off so that the air flow 
is across the cold deck at all times.  A new motor and VFD will be installed on each of the MZ 
AHUs.  A static pressure sensor will be installed in one zone to control the VFD on the fan motor.  
As a zone temperature set point is met, the VAV box will shut down to a minimum flow set point 
thus reducing the demand on the AHU.  The VFD will then reduce the fan motor speed to meet the 
current need.  Energy savings will be realized by being able to slow the fan speed.  Savings will also 
be realized by preventing simultaneous cooling and heating. 

A VFD and new motor will also be installed on AHU G.  This unit is a single zone, constant volume 
AHU.  It will be converted to a hybrid VAV unit.  The VFD will be controlled by temperature rather 
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than static pressure.  As the temperature set point is met in the area served by the AHU, the VFD 
will slow the fan to a minimum set point.  As demand increases, the speed will increase. 

Knoxville Fire Department Headquarters Building 

Existing Conditions 
AHU A at the HQ Building is a constant volume, multi-zone unit.  It has a chilled water cold deck 
and electric hot deck.  The AHU also has a constant volume supply fan.  The air stream within each 
unit is split so that a percentage of the air passes through the electric heat coil and a percentage 
passes through the chilled water coil.  Hot air and cold air from the two decks is blended together so 
that the supply air downstream of the unit becomes temperate.  The space temperature is maintained 
by regulating the flow of this temperate air to each zone by pneumatically actuated zone dampers. 

While hot deck/cold deck systems provide accurate control of the space temperature, they are energy 
inefficient.  The system design forces load on both the hot and cold decks even when there is no load 
within the building.  This means that energy is expended to simultaneously heat and cool the supply 
air from the air handling unit, regardless of the conditions in the space.    

Proposed Conditions 
Ameresco proposes to convert multi-zone AHUs A to VAV operation.   

A VAV box will be installed for each of the five zones.  An electric reheat coil will also be installed 
for each zone.  The hot deck/ cold deck dampers will be removed and the hot deck blanked off so 
that the air flow is across the cold deck at all times.  A new motor and VFD will be installed.  A static 
pressure sensor will be installed in one zone to control the VFD on the fan motor.  As a zone 
temperature set point is met, the VAV box will shut down to a minimum flow set point thus 
reducing the demand on the AHU.  The VFD will then reduce the fan motor speed to meet the 
current need.  Energy savings will be realized by being able to slow the fan speed.  Savings will also 
be realized by preventing simultaneous cooling and heating. 

Impact on Facility Operations and Performance 

The proposed new heating and cooling equipment is expected to benefit facility performance and 
appearance and increase occupant comfort.  Maintenance and repair of the existing systems will be 
substantially reduced. 
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Environmental Impact 

There are no potential adverse environmental impacts associated with the installation of the new 
equipment.  Indoor air quality and control of temperature and humidity and the conditioned spaces 
will improve. 

Integration of Proposed Equipment with Existing Systems 

The new equipment would require connection to the existing chilled water, steam (where applicable) 
and electrical systems.  

Special Operating Requirements 

There are no special operating requirements associated with the installation of the new equipment.  
City of Knoxville staff will be expected to operate and maintain the equipment in accordance with 
the manufacturer’s and Ameresco’s recommendations.  Training in operation and maintenance of the 
equipment will be provided as part of the project commissioning process. 
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ECM-7:  HVAC VFD Upgrades 

Ameresco is using IPMVP Option D to establish the savings for ECM-7.  Option D involves 
procedures for verifying parameters such as temperature, chilled water and condenser water 
temperature and building occupancy as in Option A, and then determining energy savings using 
calibrated building simulation models.  Energy consumption is calculated by developing calibrated, 
hourly simulation models of whole-building energy use with Trane Trace™ 700 software.  This is 
done to compare the baseline energy consumption to the energy consumption post-installation of the 
HVAC VFD Upgrades ECM.  Model inputs that define both baseline and post-installation building 
models (i.e., condenser water temperatures) were developed based on detailed surveys, observations, 
customer input, and occupant interviews.  The model inputs and outputs are stipulated for the term 
of the contract. 

Savings Algorithm – HVAC VFD Upgrades: 

CoolingFossilFuelElectricSavings ++=  
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Where: 
kWBase - Total fan and pump motor kW under EMS control, as per calculation in DEA 
HrsRetro - Retrofit motor operating hours, as per calculation in DEA 
HrsBase -  Base motor operating hours during reduced operations period, as per calculation in DEA 
LoadOccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

occupied hours, as per calculation in DEA 
LoadUnoccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

unoccupied hours, as per calculation in DEA 
LoadOccRetro - Building load, including infiltration load, (mbtu/hr) with reduced setpoint temperature and 

improved control, as per calculation in DEA 
LoadUnoccRetro - Building load, including infiltration load, (mbtu/hr) with night setback and improved 

control, as per calculation in DEA 
HrsOccBase - Baseline heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccBase - Baseline heating and cooling bin hours during unoccupied period, as per calculation in DEA 
HrsOccRetro - Retrofit heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccRetro - Retrofit heating and cooling bin hours during unoccupied period, as per calculation in DEA 
Eff - Heating system efficiency, as per calculation in DEA 
COP - Cooling system coefficient of performance, as per calculation included in DEA 
$/mmbtu- Unit cost of fossil fuel, as per calculation in DEA 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhSummeroffpk -Unit cost of electric off-peak energy, as per calculation in DEA 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 

Analysis Method: 

A baseline heating and cooling load for the Knoxville Public Safety Building, Knoxville Civic 
Auditorium Coliseum, and Knoxville Fired Department Headquarters facilities was first established 
using Trane Trace™ 700 building simulation software program.  The baseline computer simulation 
has been calibrated with the information provided by the operators of the buildings, such as building 
peak load (heating and cooling), hours of operation, temperature setpoints, and original design plans. 
Utility bills provided by the building owner for the past two years have also been used to calibrate the 
baseline model.  The existing and proposed HVAC equipment power usage parameters were 
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determined by the equipment manufacturer specification documentation for each system being 
modeled.   

Weather data for Knoxville, TN was used to determine the building’s heating load.  From the 24-
hour, year-round load profile obtained from Trace™ 700, an energy use and electric demand profile 
was established for the facilities’ based on existing steam and hot water natural gas boilers and their 
associated steam and hot water distribution systems, air cooled/ water cooled chilled water systems 
and associated pumping, and AHU operation characteristics.  Operation strategies were based on 
conversations with facility personnel. 

The performance of each of the existing boilers is based on the boilers rated heating capacity from 
the boilers physical tags, which shows the MBH full load capacity.  Boiler load characteristics were 
determined by using the default boiler performance curves found in Trace™ 700 for each type.  The 
performance of each of the existing chillers is based on the chiller’s rated kW/ton from the original 
manufacturer’s submittal, which shows the kW/ton at the ARI certification point (full load, 44°F 
chilled water supply temperature, and 85°F entering condenser water temperature).  Chiller unloading 
characteristics were determined by using the default chiller performance curves found in Trace™ 700 
for each type.  AHUs were sized and zoned as shown by the building drawings provided by City of 
Knoxville.  Fan motor efficiencies were based on manufactured data from physical tags located on 
both AHUs and fan motors. 

Determination of Energy Savings: 

Boiler, chiller, and AHU performance ratings including boiler equipment rated capacities, boiler 
equipment rated efficiencies, chiller and HVAC unit rated ARI certification levels (full load, 44°F 
chilled water supply temperature, and 85°F entering condenser water temperature), and chiller 
equipment EER and SEER efficiencies and AHU fan motor size and efficiencies for the existing and 
proposed HVAC equipment replacements has been obtained directly from the manufacturer.  Pre-
defined fossil fuel boilers and chiller equipment curves provided by Trane Trace™ 700 were used to 
determine the baseline and proposed boiler, chiller, and AHU performances for the facilities.  The 
boiler rated efficiency and HVAC unit EER/SEER values were used as input into the Trane Trace™ 
700 model.  The efficiency values along with Knoxville, TN TMY2 weather bin data provided Trane 
Trace™ 700 with equipment performance curves based on such factors as: entering hot water 
temperature, leaving hot water temperature, entering condenser air temperature leaving condenser air 
temperature, refrigerant type, and boiler and package HVAC capacities.  The post retrofit model 
changes the operation of the AHUs from constant to variable as stated in the ECM description. 

Additionally, baseline and proposed performance factors such as thermostat setpoints, equipment 
schedules, and hot water setpoints have been determined based on site-interview, operational logs, 
and original design plans.  Each of these factors was entered into the Trane Trace™ 700 model.  The 
energy savings for this measure were determined by comparing the baseline boiler, chiller, and AHUs 
fuel oil, energy consumption, electric demand, manufactured boiler rated capacity and efficiency, and 
manufactured HVAC equipment rated ARI performance data and EER/SEER efficiency with the 
corresponding proposed equipment seen in the ECM Appendix through the use of Trane Trace™ 
700 calibrated models. 
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Measurement Plan: 

A post-installation site audit will be performed to verify installation in accordance with plan. Annual 
verification surveys will be performed to verify that the installed equipment components or systems 
have been properly maintained based on the manufacturer’s recommended service requirements and 
continue to operate correctly and generate savings.  Ameresco shall measure post-retrofit operation 
of the VFDs by trending through the new control system and recalibrate the computer simulation 
model to the actual VFD operation to verify the ability to achieve savings. 
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ECM 8: Hydronic VFD Upgrades 

ECM Overview 
Ameresco proposes to install new premium efficiency, inverter duty motors and variable frequency 
drives (VFDs) on the secondary hot water loop at the Knoxville City County Building, the dual 
temperature loop at the Knoxville Civic Auditorium Coliseum, the chilled water loop at the 
Knoxville Public Safety Building and the cooling towers at the KCAC and KPSB.  Ameresco also 
proposes to modify the existing 3-way hot water, dual temperature, and chilled water valves for two 
way operation.  Installing VFDs and controls for these pumps will allow them to modulate with 
varying load, reducing electrical energy use. 

ECM Detail 
Knoxville City County Building 

Existing Conditions 
The existing hot water system at KCCB is a constant volume primary/constant volume secondary 
loop system.  The two Kewanee boilers have constant volume primary pumps that operate whenever 
the boilers are operating.  The primary pump provides a constant volume of water through the 
boiler, regardless of the heating load in the building.  There is also a constant volume secondary 
heating water loop which draws water from the primary loop, pumps the hot water through the 
secondary (or building) loop, through the hot water coils or bypasses (depending on the 
heating/cooling load of the building), and returns the water to the primary loop.   

As the heating load within the facility decreases, the hot water valves on the hot water coils begin to 
reduce the flow of hot water through the coils.  On coils equipped with 3-way valves, the water is 
diverted around the coil, maintaining a constant volume of hot water flowing through the secondary 
loop piping and maintaining constant pressure in the system.   

Because the flow rates and pressure within the secondary hot water piping remains fairly constant, 
the secondary loop pumps operate at a constant load, consuming the same amount of electricity 
regardless of the heating load within the building.  
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Proposed Conditions 
Ameresco proposes to replace the existing motors on the secondary hot water loop pumps at with 
new premium efficiency, inverter duty motors and variable frequency drives to create a constant 
volume primary/variable volume secondary piping design.  In order for the new drives to operate 
properly, Ameresco also proposes to convert the existing 3-way hot water valves to 2-way hot water 
valves by cutting the bypass leg and capping the ends.  Installing VFDs and controls for these pumps 
will allow them to modulate with varying load, reducing electrical energy consumption. 

The new VFDs will be connected to the EMS and will operate to maintain a constant pressure within 
the secondary hot water loop piping.  As the heating load within the facility decreases and the 2-way 
hot water valves begin to close, pressure will increase within the secondary loop hot water piping.  
Differential pressure sensors installed within the piping loop will alert the EMS to this increase in 
pressure.  In turn, the EMS will slow the secondary hot water loop pump motors, decreasing the flow 
of water through the system, reducing the pressure within the hot water piping, and reducing the 
electrical energy consumption of the pump motors.  These upgrades will also benefit the facility by 
providing more efficient and reliable equipment. 

Knoxville Civic Auditorium Coliseum 

Existing Conditions 
The existing hot water system at KCAC is a constant volume primary/constant volume dual 
temperature secondary loop system.   The dual temperature secondary loop is one that during the 
heating mode circulates hot water to the water coils in the AHUs and chilled water in the cooling 
mode.  The chillers have constant volume primary pumps that operate whenever the chillers are 
operating.  The steam boilers in conjunction with a steam to hot water heat exchanger generate hot 
water.  The hot water system has a constant volume primary pumps that operate whenever the 
boilers are operating.  The primary pumps provide a constant volume of water through the chillers 
and steam to hot water heat exchanger, regardless of the cooling or heating load in the building.  
There is also a constant volume dual temperature secondary cooling/ heating water loop which 
draws water from the primary loop, pumps the water through the secondary (or building) loop, 
through the water coils or bypasses (depending on the heating load of the building), and returns the 
water to the primary loop.   

The AHUs in this facility have face and bypass coils.  As the heating or cooling load decreases, the air 
flow is shifted from going across the coil to bypassing the coil.  The water coils have no control 
valves.  The water flow through the coils is constant. 
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Because the flow rates and pressure within the secondary dual temperature water piping remains 
fairly constant, the secondary loop pumps operate at a constant load, consuming the same amount of 
electricity regardless of the cooling or heating load within the building.  

The existing cooling tower has three 20 horsepower fan motors. 

Proposed Conditions 
Ameresco proposes to replace the existing motors on the secondary dual temperature water loop 
pumps with new premium efficiency, inverter duty motors and variable frequency drives to create a 
constant volume primary/variable volume secondary hot water piping design.  In order for the new 
drives to operate properly, Ameresco also proposes to install 2-way water flow control valves at each 
AHU.  Installing VFDs and controls for these pumps will allow them to modulate with varying load, 
reducing electrical energy consumption. 

The new VFDs will be connected to the EMS and will operate to maintain a constant pressure within 
the secondary water loop piping.  As the cooling or heating load within the facility decreases and the 
2-way hot water valves begin to close, pressure will increase within the secondary loop hot water 
piping.  Differential pressure sensors installed within the piping loop will alert the EMS to this 
increase in pressure.  In turn, the EMS will slow the secondary water loop pump motors, decreasing 
the flow of water through the system, reducing the pressure within the dual temperature water 
piping, and reducing the electrical energy consumption of the pump motors.  These upgrades will 
also benefit the facility by providing more efficient and reliable equipment.  With the new control 
valves on the water coils, the need for the bypass dampers will be eliminated.  These dampers will 
remain operable.  However, the EMS system will be setup to keep these dampers closed. 

Ameresco proposes to install a new VFDs and inverter duty premium efficiency motors on the 
cooling tower fans. VFD controlled cooling tower fans operate over many speeds as opposed to the 
fans on a single or two-speed motor starter. On cooling towers many drawbacks associated with 
starter-controlled fans are eliminated when VFDs are used. Reduced energy consumption and 
reduced maintenance requirements are among some of the benefits associated with installing a VFDs 
on a cooling towers. The savings for cooling towers are generated by operating the fan(s) at lower 
speeds for longer periods of time as opposed to cycling the fans on and off at full speed. This 
reduces the energy consumption and can reduce billed demand. 

Knoxville Public Safety Building 

Existing Conditions 
The existing chilled water system at KPSB is a constant volume primary loop system.  The York 
screw chiller has a constant volume primary pump that operates whenever the chiller is operating.  
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The primary pump provides a constant volume of water through the chiller, through the building 
loop and through the chilled water coils or bypasses (depending on the cooling load of the building) 
regardless of the cooling load in the building.   

As the cooling load within the facility decreases, the chilled water valves on the chilled water coils 
begin to reduce the flow of chilled water through the coils.  On coils equipped with 3-way valves, the 
water is diverted around the coil, maintaining a constant volume of chilled water flowing through the 
loop piping and maintaining constant pressure in the system.   

Because the flow rates and pressure within the chilled water piping remains fairly constant, the loop 
pump operates at a constant load, consuming the same amount of electricity regardless of the heating 
load within the building.  

The existing cooling tower has one 7.5 horsepower fan motor. 

Proposed Conditions 
Ameresco proposes to replace the existing motors on the chilled water loop pump with a new 
premium efficiency, inverter duty motor and variable frequency drive to create a primary variable 
volume chilled water piping design.  In order for the new drives to operate properly, Ameresco also 
proposes to convert the existing 3-way chilled water valves in the AHUs to 2-way chilled water valves 
by closing the valve in the bypass leg.  Installing VFDs and controls for these pumps will allow them 
to modulate with varying load, reducing electrical energy consumption. 

The new VFDs will be connected to the EMS and will operate to maintain a constant pressure within 
the chilled water loop piping.  As the cooling load within the facility decreases and the 2-way chilled 
water valves begin to close, pressure will increase within the loop chilled water piping.  Differential 
pressure sensors installed within the piping loop will alert the EMS to this increase in pressure.  In 
turn, the EMS will slow the chilled water loop pump motor, decreasing the flow of water through the 
system, reducing the pressure within the chilled water piping, and reducing the electrical energy 
consumption of the pump motors.  These upgrades will also benefit the facility by providing more 
efficient and reliable equipment. 

With a variable primary flow system, a minimum flow must be maintained at all times for the chiller 
to operate.  The 3-way valves on the fan coil units throughout the facility will not be converted to 2-
way valves to allow a constant minimum flow of chilled water through the loop and chiller. 

Ameresco proposes to install a new VFD and inverter duty premium efficiency motor on the cooling 
tower fan. VFD controlled cooling tower fans operate over many speeds as opposed to the fans on a 
single or two-speed motor starter. On cooling towers many drawbacks associated with starter-
controlled fans are eliminated when VFDs are used. Reduced energy consumption and reduced 
maintenance requirements are among some of the benefits associated with installing a VFDs on a 
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cooling towers. The savings for cooling towers are generated by operating the fan(s) at lower speeds 
for longer periods of time as opposed to cycling the fans on and off at full speed. This reduces the 
energy consumption and can reduce billed demand. 

Integration of Proposed Equipment with Existing Systems 

The new pump motors and VFDs will operate with the existing water pumps and piping.  They will 
be connected to and controlled by the EMS.  The 3-way water valves will be converted to 2-way 
valves on the AHU water coils.  Coil performance will not be impacted by these changes as the water 
flow through the coils will remain unchanged.  Where there are no water control valves, 2-way valves 
will be installed on the AHU water coils. 

Impact on Facility Operations and Performance 

The new VFDs will enhance facility operations by increasing life expectancies of the motors they 
control, since the motors will only be operating at the necessary speed to satisfy the cooling or 
heating load within the buildings. 
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ECM-8:  HVAC Hydronic VFD Upgrades 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions by utilizing manufacturer guaranteed equipment rated 
efficiencies, ARI performance, and efficiency values.  Energy consumption is calculated by 
developing calibrated, hourly simulation models of whole-building energy use with Trane Trace™ 
700 software.  This is done to compare the baseline energy consumption to the energy consumption 
post-installation of the HVAC Hydronic VFD Upgrades ECM.  Model inputs that define both 
baseline and post-installation building models (i.e., condenser water temperatures) were developed 
based on detailed surveys, observations, customer input, and occupant interviews.  The model inputs 
and outputs are stipulated for the term of the contract. 

Savings Algorithm – HVAC Hydronic VFD Upgrades: 
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Where: 
kWBase - Total fan and pump motor kW under EMS control, as per calculation in DEA 
HrsRetro - Retrofit motor operating hours, as per calculation in DEA 
HrsBase -  Base motor operating hours during reduced operations period, as per calculation in DEA 
LoadOccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

occupied hours, as per calculation in DEA 
LoadUnoccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

unoccupied hours, as per calculation in DEA 
LoadOccRetro - Building load, including infiltration load, (mbtu/hr) with reduced setpoint temperature and 

improved control, as per calculation in DEA 
LoadUnoccRetro - Building load, including infiltration load, (mbtu/hr) with night setback and improved 

control, as per calculation in DEA 
HrsOccBase - Baseline heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccBase - Baseline heating and cooling bin hours during unoccupied period, as per calculation in DEA 
HrsOccRetro - Retrofit heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccRetro - Retrofit heating and cooling bin hours during unoccupied period, as per calculation in DEA 
Eff - Heating system efficiency, as per calculation in DEA 
COP - Cooling system coefficient of performance, as per calculation included in DEA 
$/mmbtu- Unit cost of fossil fuel, as per calculation in DEA 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhSummeroffpk -Unit cost of electric off-peak energy, as per calculation in DEA 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 

 

Analysis Method: 

A baseline heating and cooling load for the Knoxville Public Safety Building, Knoxville Civic 
Auditorium Coliseum, and Knoxville Fired Department Headquarters facilities was first established 
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using Trane Trace™ 700 building simulation software program.  The baseline computer simulation 
has been calibrated with the information provided by the operators of the buildings, such as building 
peak load (heating and cooling), hours of operation, temperature setpoints, and original design plans. 
Utility bills provided by the building owner for the past two years have also been used to calibrate the 
baseline model.  The existing and proposed HVAC equipment power usage parameters were 
determined by the equipment manufacturer specification documentation for each system being 
modeled.   

Weather data for Knoxville, TN was used to determine the building’s heating load.  From the 24-
hour, year-round load profile obtained from Trace™ 700, an energy use and electric demand profile 
was established for the facilities’ based on existing steam and hot water natural gas boilers and their 
associated steam and hot water distribution systems, air cooled/ water cooled chilled water systems 
and associated pumping, and AHU operation characteristics.  Operation strategies were based on 
conversations with facility personnel. 

The performance of each of the existing boilers is based on the boilers rated heating capacity from 
the boilers physical tags, which shows the MBH full load capacity.  Boiler load characteristics were 
determined by using the default boiler performance curves found in Trace™ 700 for each type.  The 
performance of each of the existing chillers is based on the chiller’s rated kW/ton from the original 
manufacturer’s submittal, which shows the kW/ton at the ARI certification point (full load, 44°F 
chilled water supply temperature, and 85°F entering condenser water temperature).  Chiller unloading 
characteristics were determined by using the default chiller performance curves found in Trace™ 700 
for each type.  AHUs were sized and zoned as shown by the building drawings provided by City of 
Knoxville.  AHU fan motor, cooling tower fan motor, and pump motor efficiencies were based on 
manufactured data from physical tags located on the motors. 

Determination of Energy Savings: 

Boiler, chiller, and HVAC unit performance ratings including boiler equipment rated capacities, 
boiler equipment rated efficiencies, chiller and HVAC unit rated ARI certification levels (full load, 
44°F chilled water supply temperature, and 85°F entering condenser water temperature), and chiller 
and HVAC unit equipment EER and SEER efficiencies has been obtained directly from the 
manufacturer.  Pre-defined fossil fuel boilers and chiller equipment curves provided by Trane 
Trace™ 700  were used to determine the baseline and proposed hydronic VFD unit performances 
for the facilities.  The boiler rated efficiency and HVAC unit EER/SEER values were used as input 
into the Trane Trace™ 700  model.  The efficiency values along with Knoxville, TN TMY2 weather 
bin data provided Trane Trace™ 700  with equipment performance curves based on such factors as: 
entering hot water temperature, leaving hot water temperature, entering condenser air temperature 
leaving condenser air temperature, refrigerant type, and boiler and package HVAC capacities.  The 
post retrofit model changes the operation of the hot water pumping system, chilled water pumping 
system, dual temperature pumping system, and cooling tower operations from constant to variable as 
stated in the ECM description.  

Additionally, baseline and proposed performance factors such as thermostat setpoints, equipment 
schedules, and hot water setpoints have been determined based on site-interview, operational logs, 
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and original design plans.  Each of these factors was entered into the Trane Trace™ 700 model.  The 
energy savings for this measure were determined by comparing the baseline boiler, chiller, AHUs and 
system pumps natural gas, energy consumption, electric demand, manufactured boiler rated capacity 
and efficiency, and manufactured HVAC equipment rated ARI performance data and EER/SEER 
efficiency with the corresponding proposed equipment seen in the ECM Appendix through the use 
of Trane Trace™ 700 calibrated models. 

Measurement Plan: 

A post-installation site audit will be performed to verify installation in accordance with plan. Annual 
verification surveys will be performed to verify that the installed equipment components or systems 
have been properly maintained based on the manufacturer’s recommended service requirements and 
continue to operate correctly and generate savings.  Energy savings are based on the building model 
inputs and output.  Input variables are mutually agreed to and savings determined by the model 
agreed to for the length of the contract. 
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ECM 9: New Boiler Installation 

ECM Overview 
Ameresco proposes to improve the heating system efficiency at the Knoxville City County Building 
and the Knoxville Convention Center by replacing the existing heating boilers with high efficiency 
condensing boilers.  These boilers operate as high as 98 percent efficiency at optimal conditions. 

ECM Detail 
Knoxville Convention Center 

Existing Conditions 
The existing boilers are natural gas fired steam boilers rated at 600 horsepower each.  Steam boilers 
were installed to power three hot water converters, two for heating hot water and one for domestic 
hot water, and two large AHU humidifiers.  A dedicated domestic hot water boiler was installed so 
that the steam boilers would not have to operate during the summer to only produce domestic hot 
water.   

Based on the building survey, utility data, and an analysis of the mechanical data from the prints, 
Ameresco feels that the humidifiers are not functioning.  After conversations with the property 
managers, there is no desire to operate the humidifiers.  Therefore the steam boilers are only  being 
used to produce heating hot water.  They are also oversized for a heating hot water load only.  Using 
steam boilers to generate hot water is a waste of energy, and boilers that are oversized operate 
inefficiently.  Currently the boilers provide steam to a hot water converter (HX1) in the main boiler 
room and one (HX2) located in the penthouse mechanical room.  The hot water from HX1 is 
circulated by hot water pumps located in the main boiler room to various units throughout the 
facility.  The hot water from HX2 is circulated by hot water pumps located in the penthouse 
mechanical room.  Steam lines run from the main boiler room up to the penthouse to supply HX2 
and the humidifiers located in the two penthouse AHUs. 
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Proposed Conditions 
Ameresco proposes to convert the steam heating system to hot water by replacing the two steam 
boilers with a minimum of eight high efficiency condensing boilers.  The boilers will be tied together 
by a header system which will create a primary loop heating system 
with dedicated loop pumps.  The two existing hot water pumps in the 
main boiler room and the two hot water pumps in the penthouse will 
be removed.  The piping will be modified and two new secondary hot 
water pumps will be installed in the main boiler room to serve the 
entire building hot water loop in a secondary loop configuration.  The 
new pumps will have VFDs and the 3-way valves on the hot water 
coils throughout the building will be converted to 2-way operation.  
The final configuration will be a constant volume primary/ variable 
volume secondary hot water heating system with high efficiency 
condensing hot water boilers.  This system will be much more 
efficient than the existing configuration.  The existing humidifiers will 
be abandoned in place. 

Impact on Facility Operations and Performance 

The proposed new heating equipment is expected to benefit facility performance and increase 
occupant comfort.  Maintenance and repair of the existing systems will be reduced. 

Environmental Impact 

There are no potential adverse environmental impacts associated with the installation of the new 
equipment.  Indoor air quality and control of temperature and humidity and the conditioned spaces 
will improve. 

Integration of Proposed Equipment with Existing Systems 

The new equipment would require connection to the existing heating hot water system and electrical 
system.  

Special Operating Requirements 

There are no special operating requirements associated with the installation of the new equipment.  
City of Knoxville staff will be expected to operate and maintain the equipment in accordance with 
the manufacturer’s and Ameresco’s recommendations.  Training in operation and maintenance of the 
equipment will be provided as part of the project commissioning process. 

Figure 9.2 Proposed Boilers 
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ECM-9:  Boiler Installation 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions by utilizing manufacturer guaranteed equipment rated 
efficiencies, ARI performance, and efficiency values.  Energy consumption is calculated by 
developing calibrated, hourly simulation models of whole-building energy use with Trane Trace™ 
700 software.  This is done to compare the baseline energy consumption to the energy consumption 
post-installation of the Boiler Installation ECM.  Model inputs that define both baseline and post-
installation building models were developed based on detailed surveys, observations, customer input, 
and occupant interviews.  The model inputs and outputs are stipulated for the term of the contract. 

Savings Algorithm – Boiler Installation: 
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Where: 
kWBase - Total fan and pump motor kW under EMS control, as per calculation in DEA 
HrsRetro - Retrofit motor operating hours, as per calculation in DEA 
HrsBase -  Base motor operating hours during reduced operations period, as per calculation in DEA 
LoadOccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

occupied hours, as per calculation in DEA 
LoadUnoccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

unoccupied hours, as per calculation in DEA 
LoadOccRetro - Building load, including infiltration load, (mbtu/hr) with reduced setpoint temperature and 

improved control, as per calculation in DEA 
LoadUnoccRetro - Building load, including infiltration load, (mbtu/hr) with night setback and improved 

control, as per calculation in DEA 
HrsOccBase - Baseline heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccBase - Baseline heating and cooling bin hours during unoccupied period, as per calculation in DEA 
HrsOccRetro - Retrofit heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccRetro - Retrofit heating and cooling bin hours during unoccupied period, as per calculation in DEA 
Eff - Heating system efficiency, as per calculation in DEA 
COP - Cooling system coefficient of performance, as per calculation included in DEA 
$/mmbtu- Unit cost of fossil fuel, as per calculation in DEA 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhSummeroffpk -Unit cost of electric off-peak energy, as per calculation in DEA 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 

Analysis Method: 

A baseline heating and cooling load for the Knoxville Convention Center was first established using 
Trane Trace™ 700 building simulation software program.   

Energy savings are derived from comparing the proposed new natural gas, hot water boilers 
efficiency and fuel oil consumption (MBH) with the baseline central steam plant efficiency and 
consumption.   
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A baseline heating load was first established using Trane Trace™ 700, a building simulation software 
program.  The baseline computer simulation has been calibrated with the information provided by 
the operators of the buildings, such as building peak load (heating and cooling), hours of operation, 
temperature setpoints, and original design plans. Utility bills provided by the building owner for the 
past two years have also been used to calibrate the baseline model.  The existing and proposed 
HVAC equipment energy usage parameters were determined by the equipment manufacturer 
specification documentation for each system being modeled.  Weather data for Knoxville, Tennessee 
was used to determine the building’s heating load.  From the 24-hour, year-round heating profile 
obtained from Trace™ 700, an energy use and electric demand profile was established for the 
facility’s boiler plant based on existing steam natural gas boilers and their associated steam and hot 
water distribution systems.  The system operation characteristics were based on conversations with 
facility personnel. 

The performance of each of the existing boilers is based on the boilers rated heating capacity from 
the boilers physical tags, which shows the MBH full load capacity.  Boiler load characteristics were 
determined by using the default boiler performance curves found in Trace™ 700 for each type of 
existing and proposed boilers (steam and hot water natural gas boilers).   

Performance data for the proposed hot water boilers was obtained from the manufacturer.  The 
boiler specifications involving capacities and efficiencies of each system were used to establish a 
proposed natural gas consumption profile for the facility.  

Baseline performance factors such as the building operating hours and the building’s heating load 
have been determined from conversations with facility personnel; an inventory of the building’s 
heating coils, and assumed coil load diversity.  The efficiency of the central steam/hot water plant is 
stipulated as the efficiency of the central heating plant combustion efficiency less the efficiency losses 
through the steam/hot water distribution lines.   

Determination of Energy Savings: 

Boiler, chiller, and HVAC unit performance ratings including boiler equipment rated capacities, 
boiler equipment rated efficiencies, chiller and HVAC unit rated ARI certification levels (full load, 
44°F chilled water supply temperature, and 85°F entering condenser water temperature), and chiller 
and HVAC unit equipment EER and SEER efficiencies for both existing and proposed HVAC 
equipment replacements has been obtained directly from the manufacturer.  Pre-defined fossil fuel 
boilers and chiller equipment curves provided by Trane Trace™ 700  were used to determine the 
baseline and proposed boiler, chiller, and HVAC unit performances for the facilities.  The boiler 
rated efficiency and HVAC unit EER/SEER values were used as input into the Trane Trace™ 700 
model.  The efficiency values along with Knoxville, TN TMY2 weather bin data provided Trane 
Trace™ 700 with equipment performance curves based on such factors as: entering hot water 
temperature, leaving hot water temperature, entering condenser air temperature leaving condenser air 
temperature, refrigerant type, and boiler and package HVAC capacities.   

Additionally, baseline and proposed performance factors such as thermostat setpoints, equipment 
schedules, and hot water setpoints have been determined based on site-interview, operational logs, 
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and original design plans.  Each of these factors was entered into the Trane Trace™ 700 model.  The 
energy savings for this measure were determined by comparing the baseline boiler, chiller, and 
HVAC units fuel oil, energy consumption, electric demand, manufactured boiler rated capacity and 
efficiency, and manufactured HVAC equipment rated ARI performance data and EER/SEER 
efficiency with the corresponding proposed equipment seen in the ECM Appendix through the use 
of Trane Trace™ 700 calibrated models. 

Measurement Plan: 

A post-installation site audit will be performed to verify installation in accordance with plan. Annual 
verification surveys will be performed to verify that the installed equipment components or systems 
have been properly maintained based on the manufacturer’s recommended service requirements and 
continue to operate correctly and generate savings.  Energy savings are based on the building model 
inputs and output.  Input variables are mutually agreed to and savings determined by the model 
agreed to for the length of the contract. 
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Figure 10.1:  Existing hot water 
storage tank located in the 
Knoxville Fire Department 
Headquarters 

ECM 10: Electric Domestic Hot Water to 
Gas 

ECM Overview 
Ameresco proposes to replace the existing electric water heater with 500 gallon storage tank at the 
Knoxville Fire Department Headquarters Building (KFDHQ) with a new storage tank and natural 
gas fired, domestic water boiler. 

ECM Detail 
Existing Conditions 

The KFDHQ has a 500 gallon, 45 kW electric water heater located 
in the mechanical room.  This unit provides domestic hot water 
for the entire facility.  The heater currently has failing elements, is 
leaking and needs to be replaced.  Ameresco feels that some of the 
heating elements have also failed as personnel reported running 
out of hot water on several occasions. 

Proposed Conditions 
Ameresco proposes to replace the existing 500 gallon electric water 
heater at KFDHQ with a new 500 gallon storage tank and natural gas fired domestic water boiler.  
The new tank will occupy the same space as the old heater and the boiler will be added.  An exhaust 
flue and natural gas supply line will be installed for the new natural gas fired boiler. 

Ameresco is also proposing an option to add solar water heating to KFDHQ.  See ECM 19 for 
explanation.  The City can choose either option that best suites their core operations. 

Impact on Facility Operations and Performance 

The proposed new domestic water heating equipment is expected to benefit facility performance and 
increase occupant comfort.  Maintenance and repair of the existing system will be reduced. 
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Environmental Impact 

There are no potential adverse environmental impacts associated with the installation of the new 
equipment.   

Integration of Proposed Equipment with Existing Systems 

The new equipment would require connection to the existing domestic hot water system. A new 
natural gas supply line will have to be installed and connected to the existing natural gas system.   

Special Operating Requirements 

There are no special operating requirements associated with the installation of the new equipment.  
City of Knoxville staff will be expected to operate and maintain the equipment in accordance with 
the manufacturer’s and Ameresco’s recommendations.  Training in operation and maintenance of the 
equipment will be provided as part of the project commissioning process. 
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ECM-10:  Electric Hot Water to Gas 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions by utilizing manufacturer guaranteed equipment rated 
efficiencies, ARI performance, and kW/Ton efficiency values. Performance verification will include 
engineering calculations with one-time representative measured values, resulting in measured 
verification of performance.   

Savings Algorithm – Electric Hot Water to Gas: 
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Where: 
kWBase - Total kW for water heating demand, as per calculation in DEA 
HrsRetro -  Retrofit operating hours, as per calculation in DEA 
HrsBase -  Baseline operating hours, as per calculation in DEA 
LoadOccBase - Hot water demand during occupied hours, as per calculation in DEA 
LoadUnoccBase - Hot water demand during unoccupied hours, as per calculation in DEA 
LoadOccRetro - Hot water demand during occupied hours, as per calculation in DEA 
LoadUnoccRetro - Hot water demand during unoccupied hours, as per calculation in DEA 
Eff - Heating system efficiency, as per calculation in DEA 
$/mmbtu- Unit cost of fossil fuel, as per calculation in DEA 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhSummeroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 
 

Analysis Method: 

Energy savings are derived from comparing the proposed new natural gas water heater efficiency and 
gas consumption with the baseline electric water heater efficiency and power consumption.   

A baseline heating load was first established using ASHRAE hot water demand ratings for dormitory 
facilities and known parameters such as number of occupants, hot water supply temperatures, 
occupancy, etc. 

The performance of each of the existing water heater is based on the rated heating capacity from the 
physical tag, which shows the kW capacity.   

Baseline performance factors such as the buildings operating hours and number of occupants have 
been determined from conversations with facility personnel and number of sink and showers by 
facility survey.   

Determination of Energy Savings: 

Actual energy savings is determined by the following equation: 

Actual Energy Savings = Baseline energy consumption – Post-installation energy consumption 

The baseline energy consumption is based on energy usage of the existing and new water heater, 
number of occupants, occupancy schedules, and industry standard benchmark factors.  Post-
installation energy usage is derived from the baseline energy use and the difference in energy 
efficiency of the new water heater.  Post-installation energy consumption will be verified in 
accordance with this M&V plan.  Energy savings calculations can be found in the Appendix of this 
ECM.   

Additionally, baseline and proposed performance factors such as number of occupants, occupancy 
schedules, and water temperatures have been determined based on site-interview, operational logs, 
and original design plans.  The energy savings for this measure were determined by comparing the 
baseline energy consumption, electric demand, manufactured water heater rated capacity and 
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efficiency with the corresponding proposed water heating equipment as denoted in the ECM 
Appendix. 

Measurement Plan: 

A post-installation site audit will be performed to verify installation in accordance with plan. Annual 
verification surveys will be performed to verify that the installed equipment components or systems 
have been properly maintained based on the manufacturer’s recommended service requirements and 
continue to operate correctly and generate savings. Energy savings are based on the building 
performance factors.  Performance factors are mutually agreed to and savings determined by the 
model agreed to for the length of the contract. 

Adjustments to the Baseline 

Savings in this measure is based on hot water demand. Adjustments to the baseline would be made 
based on changes in the quantity personnel and occupancy. Higher personnel numbers will result in 
higher baseline hot water demand.  

The baseline increases, and the savings also increase. The reverse is also true for lower personnel 
counts. Changes in weather and building square footage will not affect this measure. 
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ECM 11: Building Envelope 
Improvements 

ECM Overview 
Ameresco proposes to install new insulation at the gym of the Adaptive Recreation Center and the 
Pension Board.  New insulated garage doors will be installed at the KPD Components shop.   

ECM Detail 
Adaptive Recreation Facility 

Existing Conditions 
Parks and Recreation has already begun the removal of the roof and wall insulation in the gym. This 
is being done due to the age and condition of the insulation and it will assist in the reduction of the 
heat gain in those areas. The current insulation covers the roof deck belly, gable ends, and continues 
down ½ of the gym wall.  

Proposed Conditions 
Ameresco proposes to cover the existing insulation on the ceiling, gable ends, existing skylights, and 
walls down to the boarded sides with R-35 rolled insulation, held in place with 1” Carden Thermax 
foam insulation board, with rigid exposed surface and R-value of 6.5 for total R-value of 
approxaimately R-40.  Occupants should be more comfortable and the heating load on the building 
should be reduced.   

Pension Board, Recreation and Athletic, and KPD 

Existing Conditions 
The attic space has a minimal amount of loose fill fiberglass insulation throughout. The remaining 
insulation has aged, settled, and deteriorated. Many areas have no insulation and are covered with 
wood flooring.  
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Proposed Conditions 
Ameresco proposes to install 12 1/2 inches of loosefill fiberglass to the existing insualtion present 
and locations without insulation. With the addition of the insualtion it will add an additional R-30 to 
the current insulation and bring non insulated areas to this R-value.  Ameresco also proposes to 
install R-13 Batt insulation for insulating low dividing walls in the attic. 

KPD Components Shop 

Existing Conditions 
The facility is utilized by the KPD.  The existing metal garage doors are non insulated and utilize a 
track system. During the summer months the doors remain open since this in a non air-conditioned 
space. During the winter months the doors are shut and the space is heated by hanging unit heaters. 

Proposed Conditions 
Ameresco proposes to replace the 2 existing garage doors and install new 2” thick insualted garage 
door. The new sectional 30 gauge prepainted steel  garage doors will have an R-value of 6.66.  Two 
1/2” thick insulated Plexiglass panel will be installed on one panel of each garage doors Occupants 
will be more comfortable in the heating season.  

Impact on Facility Operations and Performance 

There will be no change in the facility structures. The insulation at the Pension Board will be 
conducted in non working areas. The Gym at the Adaptive Recreation Center will be worked during 
non working hours. The garage doors will utilize the existing doors or a new track system 
comparable to the existing tracks. Use of the individual bays will need to be scheduled to fit the 
workloads of the tenants. 

Environmental Impact 

There are no potential adverse environmental impacts associated with these upgrades. 
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ECM-11:  Building Envelope Improvements 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions. Performance verification will include engineering 
calculations with one-time representative measured values, resulting in measured verification of 
performance.   

Savings Algorithm – Building Envelope Improvements: 
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ElecPostElecBaseElectric −=  
 

∑

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

××+

××+

××+

××+

=
buildings

eroffpkW
eroffpkBaseWBase

erpkW
erpkBaseWBase

kSummeroffp
offpkBaseSummerBase

Summerpk
pkBaseSummerBase

kWhHrskW

kWhHrskW

kWhHrskW

kWhHrskW

ElecBase

int
int

int
int

$

$

$

$

 

 

∑

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

××+

××+

××+

××

=
buildings

eroffpkW
eroffpktroWBase

erpkW
erpktroWBase

kSummeroffp
ffpktroSummeroBase

Summerpk
ktroSummerpBase

kWhHrskW

kWhHrskW

kWhHrskW

kWhHrskW

ElecPost

int
intRe

int
intRe

Re

Re

$

$

$

$

 

 
 

FuelPostFuelBaseFossilFuel −=  
 

mmbtu
mmbtu

mbtuEff
HrsLoadHrsLoadFuelBase

buildings Bin

UnoccBaseUnoccBaseOccBaseOccBase $
000,1

×⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

×
×+×

= ∑ ∑  

mmbtu
mmbtu

mbtuEff
HrsLoadHrsLoadFuelPost

buildings Bin

troUnocctroUnocctroOcctroOcc $
000,1

ReReReRe ×⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

×
×+×

= ∑ ∑  

 
 



 

Detailed Energy Audit  “Page content is subject to Confidentiality Restrictions” 
City of Knoxville  Preliminary M&V Information 
September 28, 2009   

CoolPostCoolBaseCooling −=  
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Where: 
kWBase - Total fan and pump motor kW under EMS control, as per calculation in DEA 
HrsRetro -  Retrofit motor operating hours, as per calculation in DEA 
HrsBase -  Base motor operating hours during reduced operations period, as per calculation in DEA 
LoadOccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

occupied hours, as per calculation in DEA 
LoadUnoccBase - Building load, including infiltration load, (mbtu/hr) under current conditions during 

unoccupied hours, as per calculation in DEA 
LoadOccRetro - Building load, including infiltration load, (mbtu/hr) with reduced setpoint temperature and 

improved control, as per calculation in DEA 
LoadUnoccRetro - Building load, including infiltration load, (mbtu/hr) with night setback and improved 

control, as per calculation in DEA 
HrsOccBase - Baseline heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccBase - Baseline heating and cooling bin hours during unoccupied period, as per calculation in DEA 
HrsOccRetro - Retrofit heating and cooling bin hours during occupied period, as per calculation in DEA 
HrsUnoccRetro - Retrofit heating and cooling bin hours during unoccupied period, as per calculation in DEA 
Eff - Heating system efficiency, as per calculation in DEA 
COP - Cooling system coefficient of performance, as per calculation included in DEA 
$/mmbtu- Unit cost of fossil fuel, as per calculation in DEA 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhSummeroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 

Details and calculations are included in each ECM. 

Analysis Method: 

Baseline cooling and heating loads were established using eQUEST Quick Energy Simulation 
ToolTM and engineering spreadsheets.  Typical meteorological year weather data (TMY2) for the 
city of Knoxville, TN was used for both methods  All equipment information, including the 
existing insulation values for the roofs, walls and garage doors was collected through site visits, 
manufacturer specification documentation and interviews with facility personnel. 

Determination of Energy Savings: 

The energy savings for this measure were determined by comparing the thermal resistance (R-
value) of the baseline insulation and garage doors, to the R-value of the proposed insulation 
through the use of eQUESTTM calibrated models and engineering spreadsheets.  For the 
Adaptive Recreation Center, information gathered through site visits and specification sheets was 
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used to develop an eQUESTTM model which provides the facility’s internal heating and cooling 
loss capability directly associated to each architectural component’s R-value.  Savings at the 
Pension Board were determined by analyzing the effects of higher R-value insulation and garage 
doors on building heating and cooling loads with engineering spreadsheet calculations.   

Measurement Plan: 

A post-installation site audit will be performed to verify installation in accordance with plan. 
Annual verification surveys will be performed to verify that the installed insulation has been 
properly maintained based on the manufacturer’s recommended service requirements, and 
continues to function appropriate and generate savings. 
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Figure 12.1:  South Knoxville Community Center 
indoor pool during working hours. 

ECM 12: Pool Upgrades  

ECM Overview 
Ameresco proposes to add automated pool covers to reduce water evaporation and heat loss during 
unoccupied times at the South Knoxville Community Center (SKCC), E. V. Davidson Recreation 
Center, and the Knoxville Adaptive Recreation Center (KARC). Please refer to the Appendix for 
details on the proposed equipment. 

 ECM Detail 
Existing Conditions 

The SKCC has an indoor pool that is approximately 
73 feet long by 33 feet wide.  This pool is heated 
and has scheduled and unscheduled use.  The E. V. 
Davidson Recreation Center has an indoor pool 
that is approximately 73 feet long by 33 feet wide.  
This pool is heated and has scheduled and 
unscheduled use.  The KARC has an indoor pool 
that is approximately 54 feet long by 24 feet wide.  
This pool is heated and has scheduled use.  None of 
the pools have a cover for unoccupied times.  
During unoccupied times, the pools remain heated.  
Therefore energy is wasted as the pool water loses heat.  Also, evaporation is occurring during these 
unoccupied times increasing water and chemical costs.  The pools are scheduled for approximately 8 
hours per day.  This leaves 16 hours that the pool could be covered. 

The pools are chemically treated with chlorine tablets.  These tablets are used to introduce chlorine 
into the water for sanitary treatment.  This is a typical chlorination system.  This type of chlorine 
however does emit chlorimines which are the biproducts that damage the surrounding area through 
corrosion. 
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Proposed Conditions    
Ameresco proposes to install automated pool covers mounted to the wall.  These covers will mount 
up on the wall on reals.  The covers will have a cable system that will deploy the covers onto the pool 
and then the motorized reals will roll them back up.  The only operation required by the pool 
technician will be to push the button to activate the cover.  This enables the cover to be placed on 
the pool for unoccupied periods as little as a couple hours. 

Impact on Facility Operations and Performance 
The proposed new pool covers are expected to benefit facility performance and appearance and 
increase occupant comfort.  Maintenance and repair of the pool areas will be reduced to lower 
amounts of evaporation in the space thereby reducing corrosive chemicals released into the air. 

Environmental Impact 
There are no potential adverse environmental impacts associated with the installation of the new 
equipment.  Indoor air quality and control of temperature and humidity and the conditioned spaces 
will improve. 

Integration of Proposed Equipment with Existing Systems 
The new equipment would require connection to the existing electrical system.  

Special Operating Requirements 
There are no special operating requirements associated with the installation of the new equipment.  
City of Knoxville staff will be expected to operate and maintain the equipment in accordance with 
the manufacturer’s and Ameresco’s recommendations.  Training in operation and maintenance of the 
equipment will be provided as part of the project commissioning process. 
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ECM-12:  Pool Upgrades 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions by utilizing manufacturer guaranteed equipment rated 
efficiencies, ARI performance, and kW/Ton efficiency values. Performance verification will include 
engineering calculations and verification of installation and operation.   

Savings Algorithm – Pool Upgrades: 

FossilFuelElectricSavings +=  
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kWBase - Total pool heater and pump motor kW, as per calculation in DEA 
HrsRetro -  Retrofit operating hours of pool, as per calculation in DEA 
HrsBase -  Base operating hours of pool, as per calculation in DEA 
LoadOccBase - Pool heating load, including evaporation, (mbtu/hr) under current conditions during 

occupied hours, as per calculation in DEA 
LoadUnoccBase - Pool heating load, including evaporation, (mbtu/hr) under current conditions during 

unoccupied hours, as per calculation in DEA 
LoadOccRetro - Pool heating load, including evaporation, (mbtu/hr) under current conditions during 

occupied hours, as per calculation in DEA 
LoadUnoccRetro - Pool heating load, including evaporation, (mbtu/hr) with cover applied during unoccupied 

hours, as per calculation in DEA 
HrsOccBase - Baseline pool heating hours during occupied period, as per calculation in DEA 
HrsUnoccBase - Baseline pool heating during unoccupied period, as per calculation in DEA 
HrsOccRetro - Retrofit pool heating hours during occupied period, as per calculation in DEA 
HrsUnoccRetro - Retrofit pool heating hours during unoccupied period, as per calculation in DEA 
Eff - Heating system efficiency, as per calculation in DEA 
$/mmbtu- Unit cost of fossil fuel, as per calculation in DEA 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhSummeroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 
 

Analysis Method: 

Energy savings are derived from comparing the energy used to heat the pool while applying a cover 
during unoccupied times with the baseline energy consumed to heat the pool with no cover.   

A baseline heating load was first established using DOE’s Energy Smart Pools software inputting 
known variables such as operating hours, unoccupied hours, pool heater efficiency, pump size and 
efficiency and pool size.  A baseline is then produced using manufactured sizes and efficiencies for 
pump motors and pool water heaters based on data tags of the existing equipment.  The pool 
temperatures were taken from the readout of the pool heater thermostat.  The calculations account 
for occupancy and activity level during occupancy.  The fact that the pool is indoors and any auxillary 
heat, ventilation, etc. is also considered.  The post retrofit calculations apply a cover over the pool 
during unoccupied times.  The cover has an insulating value of R-4.  The amount of coverage is also 
applied to the calculation.  For example the Knoxville Adaptive Recreation Center’s cover will only 
cover 81% of the pool due to a handicap ramp and handrail that prevents coverage. 

Baseline performance factors such as the buildings operating hours, pool temperature, and number 
of occupants have been determined from conversations with facility personnel.   

Determination of Energy Savings: 

Actual energy savings is determined by the following equation: 

Actual Energy Savings = Baseline energy consumption – Post-installation energy consumption 

The baseline energy consumption is based on energy usage to heat the pool without a cover applied 
during unoccupied times.  This accounts for pump use and water use.  Pump use is higher due to 
heat loss and evaporation also higher as the pool is uncovered at all times.  Post-installation energy 
usage is derived from the baseline energy use and the difference in energy to keep the pool heated 
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using a cover during unoccupied times which also lowers pump energy and water loss.  Energy 
savings calculations can be found in the Appendix of this ECM.   

Additionally, baseline and proposed performance factors such as number of occupants, occupancy 
schedules, and water temperatures have been determined based on site-interview, operational logs, 
and original design plans.   

Measurement Plan: 

A post-installation site audit will be performed to verify installation in accordance with plan. Annual 
verification surveys will be performed to verify that the installed equipment components or systems 
have been properly maintained based on the manufacturer’s recommended service requirements and 
continue to operate correctly and generate savings. 
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ECM 13: Vending Machine Controls 

ECM Overview 
Ameresco proposes to install occupancy sensing plug load controllers to 
reduce the unnecessary operation of vending machines during unoccupied 
periods in several City of Knoxville facilities including most of the 
recreation centers, the fire halls and other locations throughout the city.  
These vending machine controllers will save energy used by vending 
machines during unoccupied hours without compromising product quality. 
The controllers will use sensors to detect when the surrounding space is 
unoccupied and turn off the vending machines accordingly.  

  ECM Detail 
Existing Conditions 

Several vending machines were found in the City of Knoxville facilities. The refrigerated vending 
machines are typically stocked with water, juice and sports/energy drinks and are cooled and 
illuminated year-round.   Non-refrigerated machines are stocked with snack foods and lighted year 
round.  The table below shows the facility location and count of refrigerated and non-refrigerated 
vending machines. 

Facility Refrigerated Vending Machines Non-Refrigerated Vending Machines 

Cal Johnson 2  
Cecil Webb 1 1 
City County Bldg 8 3 
Claude Walker 1  
Coliseum 1 1 
Cumberland Rec Center 1  
Cumberland Rec Center 1  
Deane Hill Rec Center 2 1 
E.V. Davidson 2 1 
Exhibition Center 1  

Figure 13.1 Ameresco proposes to 
install VendingMiser™ controllers 
in various Knoxville locations 
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Facility Refrigerated Vending Machines Non-Refrigerated Vending Machines 

Fairview Rec Center 1  
Fire Dept #3 1  
Fire Station #13 1  
Fire Station #13 1  
Fire Station #14 1  
Fire Station #21 1  
Fire Station #5 1  
Fire Station #7 1  
Fire Station #7 1  
Fire Station #9 1  
Inskip Rec Center 1  
J.T. O'Conner 1  
KPD 2  
Lorainne St 1 1 
Martin Mill Park 1  
New Hop Rec 1  
pension brd 1  
Phil E. Keith 1  
S.Knoxv Com 1  
safety cty 1 1 
Sign Shop 1  
World's Fair Park 3 2 
W.T. Crutcher 4 2 
 

Proposed Conditions 
Ameresco proposes to install VendingMiser™ controllers, or equal, on the refrigerated vending 
machines located in the City of Knoxville to save energy during unoccupied periods. This device 
controls the vending machine operation without compromising its product quality. The controller is 
external to the vending machine, therefore not requiring vendor maintenance. Major soft drink 
manufacturers have approved the controller for use on vending machines offering their products. 

The controller employs infrared sensing technology to interrupt power to a vending machine when 
the surrounding area is unoccupied. Regardless of occupancy, the controller automatically enables the 
vending machine to ensure that its product remains cold. The controller is designed so that it will not 
de-energize the vending machine during a cooling compressor cycle. 
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As reported by the American Council for an Energy Efficient Economy (ACEEE), the 2.5 million 
vending machines operating in the U.S. consume nearly $600 million in energy and demand costs. 
Because the City of Knoxville buildings are not constantly occupied, the refrigerated vending 
machines consume more energy than needed. 

Integration of Proposed Equipment with Existing Systems 

New vending machine controls will work with existing systems to maintain product temperature 
while reducing utility costs. 

Equipment, Design and Construction Documentation 

Equipment will be identified in submittals provided to City of Knoxville for approval prior to 
procurement. Documents will be submitted to the engineering maintenance department, for their 
review and comment. Upon approval, these will constitute the construction documents. Upon 
completion of the construction phase, the documents will be revised as needed to reflect “As-Built” 
conditions, and submitted in multiple to City of Knoxville for record. 

Impact on Facility Operations and Performance 

The new vending machine controllers will enhance facility operations by reducing energy 
consumption. 
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ECM-13:  Vending Machine Controls 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions. Performance verification will include engineering 
calculations with one-time representative measured values, resulting in measured verification of 
performance.   

Savings Algorithm – Vending Machine Controls: 

lationPostInstalBaselineSavings −=  ± Adjustments 

  

Baseline =  (Existing kW x $/kW) + (Existing kWh x $/kWh ) 

 

Post Installation = (Post retrofit kW x $/kW) + (Post retrofit kWh x $/kWh ) 

 

Where:  
Existing kW            - Existing watts per fixture x 1000 x Total fixture quantity x 100% Diversity Factor 
Existing kWh          - Operating hours x Existing kW 
Post Retrofit kW     - Watts per fixture, post retrofit x 1000 x Total fixture qty. x 100% Diversity Factor 
Post Retrofit kWh   - Operating hours x post retrofit kW 

Ameresco shall measure pre-retrofit and post-retrofit energy usage for typical vending machines to 
verify the ability to achieve savings. 

All measurements shall be witnessed by city personnel who then sign off on the testing procedure 
and performance. Initial savings calculations are included in the ECM write-up. 
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ECM 14: High Efficiency Transformers  

ECM Overview 
Several existing step-down transformers will be replaced with new energy-efficient transformers. All 
of the transformers are dry-type indoor transformers that step-down 480 volt power to 208Y/120 
volt power. 

Most transformers in use today are loaded at about 25-45% of their total capacity. They are designed 
to be able to transform the electricity up to design ratings and are most efficient at or around the 
design rating. Operating at low levels for normal transformers is inefficient. The Powersmiths E-
SAVER model C3L transformers proposed for this measure are designed to increase efficiency of 
the electricity transformation.  

The standard low voltage step-down transformer is widely considered a commodity and as such the 
only perceived differentiator in this case is price – lowest purchase cost wins. Commercial 
transformer specifications rarely require a minimum efficiency. As one would expect, building a less 
efficient transformer is cheaper than building a more efficient one, so a typical low-first-cost 
transformer will have a low up-front cost but high operating cost, with the lifetime cost of the 
operating losses exceeding the purchase cost many times over. 

The standard transformer is built to deliver its nameplate kVA rating under linear load only and is 
UL listed on this basis. As it has the lower purchase price on the market, it represents the majority of 
transformer purchases across the country. Along with the high operating cost goes substantial lost 
capacity and distortion of the voltage to connected equipment. 

Understanding that efficiency and power quality are complimentary goals, Powersmiths designed its 
transformers with both in mind. Furthermore, they have been independently validated at Oak Ridge 
National Lab, a US DOE test facility, to run at 98% efficiency under single-phase nonlinear load 
profile, a dramatic improvement over traditional transformers. The chart below shows the efficiency 
and percent load an example transformer would have pre- and post-retrofit. 
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Existing Conditions 
The current transformers are used to step down power for lights, computers and other plug load 
equipment. The sizes of the transformers range from 30 to 300 KVA. Electricity is lost due to noise 
and heat from the transformer. 

Facility 
Transformer Size 

(KVA) 
Number of 

Transformers 

Fire Department Head Quarters 150 1 

1,000 1 

300 1 
Knoxville Civic Auditorium 
Coliseum 

15 1 

A detailed list of the transformers identified for replacement, photographs of existing transformers 
and performance data on selected transformers are contained in the ECM Appendix. 

Proposed Conditions 
A total of four step-down transformers are identified for replacement with new energy-efficient 
transformers. The transformers are dry-type indoor transformers that step-down 480 volt power to 
208Y/120 volt power. Tie-ins to the existing primary and secondary power feeds will be required.  

Figure 14.1 Transformer Efficiency Comparisons 
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Ameresco recommends installing Powersmiths’ E-SAVER 
model C3L transformers under this ECM. The new 
transformers reduce losses by up to 70% due to higher 
quality windings and insulation. Due to low usage of 
emergency transformers, they are not included in this 
measure. 

In developing this ECM, Ameresco also considered 
replacing exterior oil-filled transformers. These 
transformers were eliminated from the scope due to the 
higher efficiencies associated with oil-filled transformers 
compared with that of dry-type transformers. 

Impact on Facility Operations and 
Performance 

The proposed energy-efficient transformers will have no adverse impact on occupants, working 
environment, or critical equipment such as computer systems and associated environmental controls. 

Environmental Impact 

There are no potential environmental impacts associated with the installation of new energy-efficient 
transformers. 

Integration of Proposed Equipment with Existing Systems 

New equipment will be connected to the existing electrical systems, in accordance with safety 
guidelines, regulations, and codes governing the facilities and in accordance with all local, state, and 
federal agencies having jurisdiction.   

Special Operating Requirements 

Installation of the measure will require isolation of each of the affected transformers and the 
associated distribution panels that are fed by the transformer while the transformer is removed and 
the new transformer installed.   

Typical installation sequence of the transformers would be as follows: 

• Lockout/tagout panel feeding step-down transformer 

• Disconnect primary and secondary feeds into transformer 

• Remove and dispose of existing transformer, recycling where possible 

Figure 14.2: The most efficient low voltage 
distribution transformer manufactured in an 
ISO 14001 environment.   
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• Install new transformer on same pad or floor footprint 

• Reconnect primary and secondary feeds into transformer 
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ECM-14:  High Efficiency Transformers 

IPMVP Option A is the proposed M&V option for this project since the majority of the uncertainty 
associated with the project can be mitigated through verification of baseline and post-installation 
conditions.  Option A involves verifying that the measure has the potential to perform and to 
generate savings. Performance verification techniques include engineering calculations with one-time 
representative measured values, resulting in measured verification of performance.  With the chosen 
method, hours of operation are agreed upon.  

Savings Algorithm – High Efficiency Transformers: 

(Proposed transformer efficiency - Existing transformer efficiency) x hours of use = Energy Saved 

Determination of Energy Savings: 

Energy savings are derived from comparing the proposed transformer efficiency with the baseline 
transformer efficiency.  Baseline performance factors such as regularity of power usage and 
occupancy schedules have been determined based on site interviews.  Hours of operation and 
baseline transformer efficiency are agreed upon for the contract term. 
 
Existing efficiency was measured based on a sampling of transformers on site with the Cyberhawk 
power meter. Proposed efficiency was obtained from published efficiencies of the Powersmiths 
ESaver transformers. The proposed efficiency will be measured and confirmed after installation from 
sample transformers. Based on the data from the Cyberhawk power meter the following assumptions 
are made (exact assumptions for each transformer can be found in the savings sheets located in the 
Appendix): 

• Normal loading of the transformers is 15-25% (dependent on the individual 
transformer). 

• Existing normal loading efficiency is 92% versus proposed efficiency of 98.7%. 
• Normal loading is 10-14 hours per day, 365 days per year. 
• Off hours loading is 5-15%. 
• Existing efficiency during off hours is 85% versus a proposed efficiency of 97%. 

Measurement Plan: 

A post-installation audit will be performed to verify installation in accordance with proposed design. 
Annual verification surveys will be performed to verify that the installed equipment components or 
systems have been properly maintained and continue to operate correctly and generate savings.  One 
time measurements of the demand and usage on both the high and low voltage sides of the 
transformer will be used for the contract term to determine efficiency.  A representative 20% of 
installed transformers will be measured.  Readings within 5% of published Powersmiths efficiency 
will be acceptable, with an additional transformer to be measured if readings are outside the 5% 
variance.  Instantaneous and short-term measurements of apparent power (in units of kVA), average 
load, average loss, average energy and average efficiency have been taken on the primary and 
secondary sides of selected transformer to calculate the efficiency of the existing transformers. It is 
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agreed that the baseline and post-installation operating conditions will remain the same for each 
building. Energy savings are agreed-upon for the contract term. 
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ECM 15: PC Power Network Management  

ECM Overview 
Ameresco proposes to reduce the City of Knoxville energy consumption for computers by installing 
a client/server software application that will optimally utilize the existing power management features 
native to the operating systems on the existing computers.  The software proposed will save energy 
and money by reducing the time the computers spend in higher power modes while not in use by 
district staff and students. 

Existing Conditions 
Currently, the energy consumption of computers throughout the City of Knoxville depends on 
several factors from individual users and IT personnel methodologies.  The measures an individual 
user employs consists of turning the PCs on and off manually in a timely manner.  Various users are 
able to modify or disable the power management features built in to the computers operating system.   

During the audit Ameresco, with the aid of the City of Knoxville’s IT Department, estimated that 
there to be approximately 1,000 personal computers.  Of the personal computers that exist, the 
majority have an LCD monitor.  The savings values that have been calculated do not take into 
consideration any laptop units.   

Proposed Conditions 

Ameresco proposes to install a PC network power management software package, supplied by 
Faronics Corporation, to City of Knoxville in order to reduce their energy consumption. Faronics 
Power Save is an easy-to-deploy software utility that addresses network energy waste and reduces 
operating costs without impacting PC users.  Power Save is designed to employ non-disruptive 
energy management practices by looking at CPU and disk utilization thresholds that IT 
administrators can set so as not to preemptively shut down computers if background jobs (i.e. IT 
department updates, backups, etc… ), or staff/student programs and projects, are running.  Power 
Save will supply the IT department with verifiable savings reports where it will detail each computer 
and monitor incremental savings from inception based off a baseline energy audit conducted when it 
is first installed.  Power Save also provides a demonstrable and rapid return-on-investment especially 
where CRT monitors are the predominant monitor type.   
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Ameresco and Faronics will work with City of Knoxville to install and rapidly deploy the Power 
Save software throughout the City’s PC network.  This deployment plan will address server and 
client installation, basic administrative configurations, logical power management profile 
groupings, and energy consumption reporting.  Faronics will also provide ongoing technical 
support and product revisions, with an annual energy audit to ensure maximized energy savings.   

The Faronics Power Save product will include the Power Save software and documentation. 
Unlimited technical guidance and support services for deployment and configuration planning 
prior to and after sale will be provided. 

Comprehensive measurement and verification services will include complete network energy 
survey and reporting (baseline energy consumption data capture, initial Power Save ‘profile’ 
savings report, and comprehensive energy reporting), policy configuration and implementation 
guidance, and data review and analysis (written policy change recommendations, if necessary). 

Upgrades to all new releases of Power Save, including patches, interim releases and major version 
releases, will be provided for the length of the contract, along with phone and email technical 
support and services.   

The comprehensive benefits that Faronics Power Save software can offer include: 

• Intelligent Configuration Settings: 

o Definitions can be based on CPU, disk, keyboard, mouse and application activity 

o Shutdown without the loss of user productivity 

• Flexible scheduling: 

o Options to turn off the monitor, and standby, hibernate or shutdown the computer 

o Schedule Wake-on-LAN, shutdown, or restart events 

o Schedule Power Save configuration updates for a single, daily, weekly, or monthly 
occurrence 

o Schedule a temporary window where Power Save will not enforce energy 
management policies 

• Compatibility Options: 

o Customize the deployment as well as update and control each client workstation 
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• Customized Inactivity Definitions: 

o Employ energy saving actions when CPU or disk activity falls below a defined level 

o Prevent the workstation from employing power saving actions when a particular 
application is running 

• Enterprise Control: 

o Faronics Core Console (Included with Faronics Power Save Software) provides 
unified workstations management capabilities 

o Workstation grouping makes managing large deployments easy 

o Disable and override a workstation’s operating system energy management settings 

• Savings Reports: 

o Generate enterprise power consumption and savings reports through Faronics Core 
Console (Included with Faronics Power Save Software) 

o Detailed workstation utilization reporting allows you to see how much power you 
are saving based upon your regional electricity cost 

o Audit mode provides a baseline measure of the energy being consumed, making it 
easy to determine the true value of the savings generated when Power Save’s 
features are enabled. 

• PCs can be easily grouped to use the same power management properties, but don't need to 
have the same file permissions, sharing rights, or security settings 

• Users can be grouped by similar schedules or roles: users in a computer lab used for evening 
classes can have different shutdown times or time-of-day power schemes than "daytime 
hour" users 

• Different operating systems can be grouped together, taking the guesswork out of 
compatibility; 

• Mission-critical machines can be placed in "static" groups that enforce no power polices, but 
where their energy consumption can be measured. 

Refer to Appendix for equipment data sheets and technical information related to this ECM. 
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Impact on Facility Operations and Performance 

The proposed PC Power Network Management will have no adverse impact on occupants, working 
environment, or critical equipment such as computer systems and associated environmental controls. 

Environmental Impact 

There are no potential environmental impacts associated with the installation of a PC Power 
Network Management system. 

Integration of Proposed Equipment with Existing Systems 

New equipment will be connected to the existing wiring system, in accordance with safety guidelines, 
regulations, and codes governing the facility and in accordance with all local, state, and federal 
agencies having jurisdiction.  The new components will be fully integrated into the existing electrical 
system.  Workmanship will be warranted for one year. 

Special Operating Requirements 

Electricity interruption of the circuits serving the facility will not be required for installation of the 
PC Power Network Management system. 
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ECM-15:  PC Network Power Management 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions. Performance verification will include engineering 
calculations with one-time representative measured values, resulting in measured verification of 
performance.   

Savings Algorithm – PC Network Power Management: 

lationPostInstalBaselineSavings −=  ± Adjustments 

  

Baseline =  (Existing kW x $/kW) + (Existing kWh x $/kWh ) 

 

Post Installation = (Post retrofit kW x $/kW) + (Post retrofit kWh x $/kWh ) 

 

Where:  
Existing kW            - Existing watts per fixture x 1000 x Total fixture quantity x 100% Diversity Factor 
Existing kWh          - Operating hours x Existing kW 
Post Retrofit kW     - Watts per fixture, post retrofit x 1000 x Total fixture qty. x 100% Diversity Factor 
Post Retrofit kWh   - Operating hours x post retrofit kW 

Ameresco shall measure pre-retrofit and post-retrofit energy usage for typical PCs to verify the ability 
to achieve savings. The software will enable the following functions related to M&V: 

Generate power consumption and savings reports through Faronics Power Save measurement and 
verification services that include complete network energy survey and reporting (baseline energy 
consumption data capture, initial Power Save savings report, and comprehensive energy reporting). 

• Detailed workstation reporting which will allow the City of Knoxville to see how much 
power it is saving based upon the regional electricity cost 

• Audit mode provides a baseline measure of the energy being consumed, making it easy to 
determine the true value of the savings generated when Power Save’s features are enabled. 

All measurements shall be witnessed by the City of Knoxville personnel who then sign off on the 
testing procedure and performance. Initial savings calculations are included in the ECM write-up. 
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ECM 16: Solar Hot Water  

ECM Overview 
Ameresco proposes to install a solar domestic hot water heater at Knoxville Fire Department 
Headquarters, Fire Station 4, Fire Station 9 and Fire Station 20. 

Existing Conditions 
Domestic hot water at the four facilities is currently provided by domestic electric water heaters.  The 
Headquarters building is served by a 500-gallon hot water storage tank with a 45 kW heater bundle. 
Fire Station 4 has an 80-gallon tank with two 4500 watt heating elements.  Fire Stations 9 and 20 
have 120-gallon tanks with two 4500 watt heating elements. 

Proposed Conditions  
Ameresco proposes to install six 4’ x 8’ solar collectors on the roof of the Headquarters building.  
Two collectors would be installed on Fire Station 4 and four collectors at both Fire Station 9 and Fire 
Station 20.  Collectors will be angled in such a manner as to provide peak performance during the 
winter when hot water heating demand is at its peak.  Piping will be installed from the collectors to a 
shell and tube heat exchanger that will be located near the hot water storage tank.  The piping system 
from the roof to the heat exchanger will be filled with a glycol solution to prevent freezing.   
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The other side of the shell and tube exchanger will be connected to each of the hot water tanks.  The 
thermostats controlling the electrical elements in the tanks will be set at a lower temperature than the 
solar heating system to allow the solar heating system to be the primary heater.  Heat collected from 
the roof top collectors will be transferred to the storage tank via the shell and tube heat exchanger 
whenever solar radiation is available.  When the tank temperature drops to the set point of the 
thermostat controlling the electric elements, they will be energized to maintain temperature. 

Impact on Facility Operations and Performance 
Solar collectors will be mounted on the roof of the four fire stations.  A Structural Engineer will be 
necessary to certify that the existing structure will be able to withstand this additional load.  The 
proposed solar domestic hot water systems will have no adverse impact on occupants, working 
environment, or critical equipment such as computer systems and associated environmental controls. 
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Environmental Impact 
There are no potential environmental impacts associated with the installation of a solar domestic hot 
water system. 

Integration of Proposed Equipment with Existing Systems 
New equipment will be connected to the existing wiring and plumbing systems, in accordance with 
safety guidelines, regulations, and codes governing the facilities and in accordance with all local, state, 
and federal agencies having jurisdiction.  The new hot water pumps, and all components, will be fully 
integrated into the existing electrical and hot water systems.  Workmanship will be warranted for one 
year. 

Special Operating Requirements 
Electricity interruption of the circuits serving the existing water heaters will be required for 
installation of the solar domestic hot water system.  
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ECM-16:  Solar Hot Water 

Ameresco is using IPMVP Option A to establish the savings for this ECM.  Option A involves 
verifying that the measure has the potential to perform and to generate savings through verification 
of baseline and post-installation conditions by utilizing manufacturer guaranteed equipment rated 
efficiencies, ARI performance, and efficiency values. Performance verification will include 
engineering calculations with one-time representative measured values, resulting in measured 
verification of performance.   

Savings Algorithm – Electric Hot Water to Gas: 

FossilFuelElectricSavings +=  
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Where: 
kWBase - Total kW for water heating demand, as per calculation in DEA 
HrsRetro -  Retrofit operating hours, as per calculation in DEA 
HrsBase -  Baseline operating hours, as per calculation in DEA 
LoadOccBase - Hot water demand during occupied hours, as per calculation in DEA 
LoadUnoccBase - Hot water demand during unoccupied hours, as per calculation in DEA 
LoadOccRetro - Hot water demand during occupied hours, as per calculation in DEA 
LoadUnoccRetro - Hot water demand during unoccupied hours, as per calculation in DEA 
Eff - Heating system efficiency, as per calculation in DEA 
$/mmbtu- Unit cost of fossil fuel, as per calculation in DEA 
$/kWhSummerpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhWinterpk - Unit cost of electric on-peak energy, as per calculation in DEA 
$/kWhSummeroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 
$/kWhWinteroffpk - Unit cost of electric off-peak energy, as per calculation in DEA 
 

Analysis Method: 

Energy savings are derived from comparing the proposed new solar powered water heater efficiency 
and production with the baseline electric water heater efficiency and power consumption.  
SolarPathfinder Assistant software is used to determine the amount of solar production possible. 

A baseline heating load was first established using ASHRAE hot water demand ratings for dormitory 
facilities and known parameters such as number of occupants, hot water supply temperatures, 
occupancy, etc. 

The performance of each of the existing water heater is based on the rated heating capacity from the 
physical tag, which shows the kW capacity.   

Baseline performance factors such as the buildings operating hours and number of occupants have 
been determined from conversations with facility personnel and number of sink and showers by 
facility survey.   

Determination of Energy Savings: 

Actual energy savings is determined by the following equation: 

Actual Energy Savings = Baseline energy consumption – Post-installation energy consumption 

The baseline energy consumption is based on energy usage of the existing water heater, number of 
occupants, occupancy schedules, and industry standard benchmark factors.  Post-installation energy 
usage is derived from the baseline energy use and the difference in energy efficiency of the new solar 
water heater and amount of production by the solar system.  Post-installation energy consumption 
will be verified in accordance with this M&V plan.  Energy savings calculations can be found in the 
Appendix of this ECM.   

Additionally, baseline and proposed performance factors such as number of occupants, occupancy 
schedules, and water temperatures have been determined based on site-interview, operational logs, 
and original design plans.  The energy savings for this measure were determined by comparing the 
baseline energy consumption, electric demand, manufactured water heater rated capacity and 
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efficiency with the corresponding proposed water heating equipment as denoted in the ECM 
Appendix. 

Measurement Plan: 

A post-installation site audit will be performed to verify installation in accordance with plan. Annual 
verification surveys will be performed to verify that the installed equipment components or systems 
have been properly maintained based on the manufacturer’s recommended service requirements and 
continue to operate correctly and generate savings.  

Adjustments to the Baseline 

Savings in this measure is based on hot water demand. Adjustments to the baseline would be made 
based on changes in the quantity personnel and occupancy. Higher personnel numbers will result in 
higher baseline hot water demand.  

The baseline increases, and the savings also increase. The reverse is also true for lower personnel 
counts. Changes in weather and building square footage will not affect this measure. 
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ECM 17: Solar Photovoltaic  

ECM Overview 
Ameresco proposes to install a 21,000-Watt (21 kW) 
photovoltaic (PV), electric power generation system at 
the Fire Department Head Quarters Building or at a 
sight with similar solar and roof characteristics. The 
system will convert the sun’s energy into electric 
power to offset and reduce utility power costs. The 
system’s collector array will be mounted on the roof 
facing in a southerly direction.  

Existing Conditions 
The existing electric system supplies 460-volt, three phase for larger loads and 120-volt, single-phase 
for most of the distributed loads from a three phase, 460-volt three phase service supplied by 
Knoxville Utilities Board. Single-phase loads include small equipment, i.e. “plug” loads, mainly 
consisting of computers. At present, the average total demand for KFDHQ is approximately 159 
kW. 

Proposed Conditions 
Ameresco proposes to install a solar photovoltaic electric power system. The system will provide 
21,000 Watts of electricity to the facility. The system is composed of photovoltaic (PV) collector 
panels, electrical distribution equipment, controls and a power inverter. 

Ameresco will assist the City in joining TVAs Green Power Switch Generation Partners program.  
Currently this program pays the retail rate plus $0.12 per kWh generated.  This would be equivalent 
to $0.22 per kWh at present.   

The installation will provide an example of the proper application of an alternative energy supply. 
Additionally, this product can be used as an educational tool for the community.  A software package 
is included to allow users to easily navigate information about the solar photovoltaic system and see a 
demonstration of its use. 
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The proposed photovoltaic (PV) system includes an array of single crystalline solar collector 
modules. The array will produce a maximum of 21 kW of direct current (DC) electric power. The 
aluminum framed PV modules will weigh approximately 40 pounds and be 62" x 32". Modules will 
be racked in arrays and mounted on the roof at the optimal angle. The control module assures that 
the PV power is compatible with utility grid supplied power and will switch off in the event of utility 
power outage to prevent “back feed” to the utility grid. The proposed system is sized to supplement 
and offset the existing facility electric load during periods of sunshine only, as it will not store power. 
The proposed system will be interconnected with the existing system and controlled to “follow” the 
existing system’s electrical characteristics. 

Impact on Facility Operations and Performance 

120 2.5’ x 6’ solar collectors will be mounted on the roof of the Head Quarters Building.  A 
Structural Engineer will be necessary to certify that the existing structure will be able to withstand 
this additional load.  The proposed solar photovoltaic system will have no adverse impact on 
occupants, working environment, or critical equipment such as computer systems and associated 
environmental controls. 

Environmental Impact 

There are no potential environmental impacts associated with the installation of a solar PV system. 

Integration of Proposed Equipment with Existing Systems 

New equipment will be connected to the existing wiring system, in accordance with safety guidelines, 
regulations, and codes governing the facility and in accordance with all local, state, and federal 
agencies having jurisdiction.  The new components will be fully integrated into the existing electrical 
system.  Workmanship will be warranted for one year. 

Special Operating Requirements 

Electricity interruption of the circuits serving the facility will be required for installation of the solar 
system. 
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ECM-17:  Solar PV 

IPMVP Option A is the proposed M&V option for this project since the majority of the uncertainty 
associated with the project can be mitigated through verification of baseline and post-installation 
conditions.  Option A involves verifying that the measure has the potential to perform and to 
generate savings. Performance verification techniques include engineering calculations with one-time 
representative measured values, resulting in measured verification of performance.  With the chosen 
method, hours of operation are agreed upon.  

Savings Algorithm – Solar PV: 

lationPostInstalBaselineSavings −=  ± Adjustments 

 Baseline = (Existing kW x $/kW) + (Existing kWh x $/kWh ) 

Post Installation = (Post retrofit kW x $/kW) + (Post retrofit kWh x $/kWh ) 

Where:  
Existing kW            - Existing watts per fixture x 1000 x Total fixture quantity x 100% Diversity Factor 
Existing kWh          - Operating hours x Existing kW 
Post Retrofit kW     - Watts per fixture, post retrofit x 1000 x Total fixture qty. x 100% Diversity Factor 
Post Retrofit kWh   - Operating hours x post retrofit kW 

Determination of Energy Savings: 

Energy savings are derived from calculating the amount of kW produced by the solar pv system and 
the amount of kWh produced.  Hours of production are agreed upon for the contract term. 
Kilowatt production is based on manufactured data for the solar panels.  Hours of production are 
generated by the Solarpathfinder site evaluator and software. 

Measurement Plan: 

A post-installation audit will be performed to verify installation in accordance with proposed design. 
Annual verification surveys will be performed to verify that the installed equipment components or 
systems have been properly maintained and continue to operate correctly and generate savings.  One 
time measurements of the kW output will be used for the contract term.  It is agreed that the baseline 
and post-installation operating conditions will remain the same. Energy savings are agreed-upon for 
the contract term. 
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