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Abstract: An Energy Optimization Assessment was conducted at Fort Carson as a 

part of the Energy Engineering Analysis Program initiative to identify energy 
inefficiencies and wastes and propose energy related projects with applicable 
funding and execution methods that could enable the installation to meet the 
energy reduction requirements mandated by Executive Order 13123 and Energy 
Policy Act (EPAct) 2005. The assessment included a Level I study of energy 
conservation opportunities in a number of representative buildings including an 
analysis of their building envelopes, ventilation air systems, controls, interior and 
exterior lighting as well as opportunities to use renewable Energy resources. The 
EEAP initiative at Fort Carson did not include the evaluation of industrial or 
manufacturing processes. The study identified 69 energy conservation measures 
(ECMs). The study recommends implementation of 53 ECMs, which could reduce 
Fort Carson’s annual energy use by up to 3,378 MWh/yr electric and 56,141 
MMBtu/yr thermal savings (mostly natural gas). Savings of $165,842/yr in 
maintenance costs, and $976/yr in water were also identified. The total energy, 
water, and maintenance savings would be $794,970/yr. An investment of $1.58 
million to implement the ECMs results in a simple payback of 2.0 yrs. These 
ECMs are presented in 6 groups according to the recommended acquisition 
strategy. 
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Executive Summary 

General 

This project conducted an Energy Optimization Assessment at Fort Carson as a 
part of the EEAP studies to identify energy inefficiencies and wastes and to 
propose energy-related projects with applicable funding and methods of 
execution that could enable the installation to better meet the energy reduction 
requirements mandated by Executive Order 13423 and EPACT 2005. 

The study was conducted by a team composed of engineers from the U.S. Army 
Corps of Engineers (USAESCH and ERDC-CERL), the Pacific Northwest National 
Laboratory (PNNL) and other contracted Subject Matter Experts (SMEs), and 
was limited to a “Level I” holistic assessment. The scope of this study included an 
analysis of building envelopes, ventilation air systems, controls, interior and 
exterior lighting, central energy plants, and an evaluation of opportunities to use 
renewable energy resources. 

The study identified a total of 69 different potential energy conservation 
measures (ECMs), which were economically quantified (summarized in Appendix 
A of this report). These ECMs (summarized in Table ES1) are organized into 5 
categories: 

1. Low to Moderate Cost Projects (less than $20,000 investment) 
2. Good Payback & Moderate Investment Cost ($20,000 – $199,000) 
3. Good Payback & Significant Investment Cost ($200,000 and above) 
4. Installation – Wide 
5. Not Financially Viable ECMs (Savings-to-Investment Ratio (SIR)  less than 1) 

If the recommended ECMs were implemented, they would yield approximately 
$794,970/yr in energy savings (3,378 MWh/yr in electrical energy savings; 56,141 
MMBtu/yr in thermal savings (mostly natural gas), $976/yr in water savings, and 
$165,842/yr in maintenance savings. Implementation of these projects would 
require investment of $1.58 million and would achieve an average simple 
payback in 2.0 yrs.  
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Table ES 1. Summary of ECMs 

Water 
Savings Electricity Savings Thermal Savings Maint. Savings Total 

Savings Investment Simple 
Payback Fort Carson, CO 

ECM Group 
$/Yr MMBtu 

/Yr kWh/yr $/Yr MMBtu 
/Yr $/Yr $/Yr $/Yr ($) (yrs) 

Low / Moderate Cost $697 4,569 1,338,955 $70,964 10,973 $87,773 $42 $159,476 $141,476 0.89 

Moderate Cost $279 4,804 1,407,717 $74,609 36,198 $289,577 $165,800 $530,265 $1,062,600. 2.00 

Significant Cost 0 0 0 0 0 0 0 0 $375,000 N/A 

Installation Wide 0 2,155 631,500 $33,469 8,970 $71,760 0 $105,229 $2,000 0.02 

Totals $976 11,528 3,378,172 $179,042 56,141 $449,110 $165,842 $794,970 $1,581,076 2.0 
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All of these ECMs resulted from an SME analysis, which included a survey 
of the specific buildings to which each ECM applies.  The Pacific 
Northwest National Laboratory (PNNL) performed extrapolations based 
on 10 of these ECMs.  All 10 extrapolations are shown in Appendix B. 

The Low / Moderate Investment Cost category consists of 32 ECMs, which 
are summarized in Table ES2. If all Low / Moderate Cost ECMs were 
implemented, they would save 1,339 MWh/yr and 10,972 MMBtu/yr in 
thermal savings (mostly natural gas), resulting in savings of $159,477/yr 
when including $42/yr in maintenance savings and $697 in water savings. 
The investment cost of $141,476 would achieve simple payback in 0.89 yrs.  
The estimated lifetime savings would be $1,326,305 over a 10-year 
lifespan equating to a Savings to Investment Ratio (SIR) of 9.37. 

The Moderate Investment Cost category consists of 16 ECMs, which are 
summarized in Table ES3. If all Moderate Investment ECMs were 
implemented, they would save 1,408 MWh/yr and 36,199 MMBtu/yr in 
thermal savings (mostly natural gas), resulting in savings of $530,265/yr 
when including $165,800/yr in maintenance savings and $279 in water 
savings. The investment cost of $1,062,600 would achieve simple payback 
in 2.0 yrs.  The estimated lifetime savings would be $4,410,006 over a 10-
year lifespan equating to a SIR of 4.2. 

The Significant Investment Cost category consists of one ECM, which is 
summarized in Table ES4. The system and equipment this measure 
addresses is a failing steam supply system. The energy savings were not 
assessed because the primary issue identified in this report is that of life 
safety. The estimated investment cost is $375,000. No savings or payback 
was calculated for this measure. 

The Installation-Wide category proposes 4 ECMs, which are summarized 
in Table ES5. If the recommended ECMs were implemented, they are 
projected to save 631.5 MWh/yr and 8,970 MMBtu/yr in thermal savings 
(mostly natural gas), resulting in savings of $105,230/yr. The investment 
cost is projected to be $2,000 and would achieve simple payback in 0.02 
yrs.  The estimated lifetime savings would be $875,152 over a 10-year 
lifespan equating to a SIR of 437.6. 
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The Not Financially Viable category consists of 16 ECMs, which are 
summarized in Table ES6. These ECMs are not recommended as 
standalone conservation measures. They would save 172 MWh/yr and 
2,103 MMBtu/yr in thermal savings (mostly natural gas), with resulting in 
savings of $$25,341/yr; however, with a projected investment cost of 
$$688,900 would achieve simple payback of 27.7 yrs.  The estimated 
lifetime savings would be $210,748 over a 10-year lifespan equating to a 
SIR of 0.3. 

Several of the ECMs described herein potentially apply to other buildings 
throughout the base. Appendix B provides the results of the FEDS 
analysis, which extrapolates a potential cost versus savings for specific 
ECMs. Extrapolation of an ECM to any building other than the building 
actually surveyed may produce unexpected results. Because each building 
was not physically observed, validation of the proposed ECMs should be 
performed for each building not physically surveyed by the EEAP team. 
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Table ES 2. Summary of Low / Moderate Cost ECMs 

Water 
Savings Electricity Savings Thermal Savings Maint. 

Savings 
Total 

Savings Investment Simple 
Payback ECM  ECM Description 

$/Yr MMBtu 
/Yr kWh/yr $/Yr MMBtu 

/Yr $/Yr $/Yr $/Yr ($) (yrs) 

BE-1 Add insulation in the ceiling in conditioned spaces. 0 0 0 0 406 $3,245 0 $3,245 $8,900 2.7 

BE-2 Add insulation in the ceiling in conditioned spaces. 0 0 0 0 518 $4,144 0 $4,144 $11,400 2.8 

BE-5 Insulate West-Side, Blackened, Single Pane, Metal 
Windows 0 0 0 0 188 $1,500 0 $1,500 $3,340 2.2 

BE-6 Lower False Ceiling in Office Space 0 3 908 $48 188 $1,504 0 $1,552 $11,100 7.2 

BE-7 Seal and insulate louvers above doors and reseal 
doors. 0 0 0 0 73 $580 0 $580 $2,430 4.2 

CEP-1 Optimize HW Loop Temperature to meet seasonal 
and troop occupancy requirements. $279 0 0 0 3,063 $24,504 0 $24,783 $1,000 0.0 

CEP-3 Shut off HW Generator between 10:00 pm and 4:00 
am and lower the recirculation loop flow with VFD 0 0 0 0 3,922 $31,376 0 $31,376 $6,800 0.2 

CEP-8A Renovate Steam Distribution System: Repair 
Condensate Pumps 0 0 0 0 125 $1,000 0 $1,000 $5,000 5.0 

CNTR-3 

Switch off Boilers and HW Pumps when Outside 
Temperature is Above 60 deg F, Switch off Chillers 
and CW Pumps when Outside Temp is Lower Than 
60 deg F 

0 32 9,250 $490 0 0 0 $490 $200 0.4 

DIN-3 Add Low Flow Nozzles for all sinks and Rinsing 
Nozzles (WATER SAVINGS) $418 0 0 0 0 0 0 $418 $300 0.7 

HVAC-1 Transfer Temperature Set Point Control to EMCS 0 53 15,666 $830 0 0 0 $830 $9,400 11.3 

HVAC-2 Transfer Temperature Set Point Control to EMCS 0 53 15,666 $830 0 0 0 $830 $9,400 11.3 

HVAC-3 Reset Boiler Hot Water Temperature 0 0 0 0 810 $6,480 0 $6,480 0 0.0 

HVAC-4 Reset Boiler Hot Water Temperature 0 0 0 0 1,080 $8,640 0 $8,640 0 0.0 

HVAC-7 Change Concentration of Glycol for the Chilled Water 
from 50% to 40% 0 430 125,969 $6,676 0 0 $42 $6,718 0 0.0 

HVAC-9 Modify AHUs and MAUs to allow 100% Outside Air 0 270 79,000 $4,187 0 0 0 $4,187 $12,500 3.0 

HVAC-12 Control Space Temperature from one thermostat 0 0 0 0 600 $4,800 0 $4,800 $12,000 2.5 

HVAC-18 Enable Economizer Operation for Cooling 0 3,082 903,000 $47,859 0 0 0 $47,859 $10,000 0.2 

I-1B Replace Degraded Metal Halide Lights with high 
output T5's or T8's 0 91 26,707 $1,415 0 0 0 $1,415 $12,000 8.5 

LI-2A Lighting Control 0 152 44,640 $2,366 0 0 0 $2,366 $8,000 3.4 
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Water 
Savings Electricity Savings Thermal Savings Maint. 

Savings 
Total 

Savings Investment Simple 
Payback ECM  ECM Description 

$/Yr MMBtu 
/Yr kWh/yr $/Yr MMBtu 

/Yr $/Yr $/Yr $/Yr ($) (yrs) 

LI-2B Lighting Control 0 152 44,640 $2,366 0 0 0 $2,366 $8,000 3.4 

LI-2C Lighting Control 0 26 7,488 $397 0 0 0 $397 $600 1.5 

LI-2D Lighting Control 0 32 9,360 $496 0 0 0 $496 $600 1.2 

LI-2E Lighting Control 0 26 7,488 $397 0 0 0 $397 $600 1.5 

LI-2F Lighting Control 0 16 4,680 $248 0 0 0 $248 $1,000 4.0 

LI-2G Lighting Control 0 19 5,616 $298 0 0 0 $298 $600 2.0 

LI-2H Lighting Control 0 16 4,680 $248 0 0 0 $248 $600 2.4 

LI-2I Lighting Control 0 16 4,680 $248 0 0 0 $248 $600 2.4 

LI-2J Lighting Control 0 16 4,680 $248 0 0 0 $248 $600 2.4 

LI-5 On Failure, Replace T8 Ballasts with Premium Grade 
T8 Ballasts and High Lumen Lamps  0 0 37 $2 0 0 0 $2 $6 3.1 

LI-8A Light Sensors for space with Natural Light 0 48 14,200 $753 0 0 0 $753 $500 0.7 

LI-8B Light Sensors for space with Natural Light 0 36 10,600 $562 0 0 0 $562 $4,000 7.1 

Totals  $697 4,569 1,338,955 $70,964 10,973 $87,773 $42 $159,476 $141,476 0.89 

 

Table ES 3. Summary of Moderate Cost ECMs 

ECM Description Water 
Savings Electricity Savings Thermal Savings Maint. 

Savings 
Total 

Savings Investment Simple 
Payback ECM  

 $/Yr MMBtu 
/Yr kWh/yr $/Yr MMBtu 

/Yr $/Yr $/Yr $/Yr ($) (yrs) 

BE-3 Install a Drop-Down Ceiling in the Main Training Area  0 181 53,118 $2,815 11,063 $88,500 0 $91,315 $132,000 1.4 

BE-8 Install High-Speed doors at loading docks. 0 0 0 0 2,664 $21,312 0 $21,312 $91,000 4.3 

CEP-2 Provide additional Steam capacity for Mess Halls 
with Direct fired on-demand temperature boost. $279 0 0 0 3,063 $24,504 0 $24,783 $35,200 1.4 

CEP-4 Replace DC Motor on recirculation pump with AC 
Motor and add VFD. 0 913 267,424 $14,173 0 0 0 $14,173 $56,250 4.0 

CEP-5 Add VFD to AC Motor on  one of the Recirculation 
Pumps 0 811 237,656 $12,596 0 0 0 $12,596 $37,500 3.0 

CEP-6 Install VFD on the Combustion Air Fan Motor and 0 367 107,547 $5,700 4,275 $34,200 0 $39,900 $45,750 1.1 
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ECM Description Water 
Savings Electricity Savings Thermal Savings Maint. 

Savings 
Total 

Savings Investment Simple 
Payback ECM  

 $/Yr MMBtu 
/Yr kWh/yr $/Yr MMBtu 

/Yr $/Yr $/Yr $/Yr ($) (yrs) 

Control from existing continuous O2 

CEP-7 Insulate above-ground HW and Steam Piping 0 0 0 0 1,950 $15,600 0 $15,600 $24,000 1.5 

DIN-1 Modify Kitchen Exhaust Hoods for Demand Control 
(Per Hood) 0 260 76,285 $4,043 1,183 $9,461 0 $13,504 $30,000 2.2 

HVAC-5 Install VFDs on Hot Water Pumps and Modify 3-Way 
Valves 0 278 81,465 $4,318 0 0 0 $4,318 $30,000 6.9 

HVAC-6 Install VFDs on Hot Water Pumps and Modify 3-Way 
Valves 0 397 116,222 $6,160 0 0 0 $6,160 $48,500 7.9 

HVAC-
13 Alter Heat Supply 0 0 0 0 2,500 $20,000 $76,000 $96,000 $100,000 1.0 

HVAC-
14 Duct Forced Air to the Floor 0 0 0 0 600 $4,800 0 $4,800 $38,400 8.0 

HVAC-
15 

Upgrade and Re-Commission Heating and Ventilating 
Units 0 0 0 0 0 0 $80,000 $80,000 $162,000 2.0 

HVAC-
16 Reduce Air Exchanges and AHU Operational Hours 0 440 129,000 $6,837 8,900 $71,200 0 $78,037 $55,000 0.7 

HVAC-
17 

Install Separate AHU for Body Scanning and 
Surrounding Space 0 0 0 0 0 0 0 0 $25,000 never 

LI-7A Solar Tubes 0 1,157 339,000 $17,967 0 0 $9,800 $27,767 $152,000 5.5 

Totals  $279 4,804 1,407,717 $74,609 36,198 $289,577 $165,800 $530,265 $1,062,600. 2.00 
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Table ES 4. Summary of Significant Investment Cost ECMs 

Electricity Savings Thermal Savings Maint. 
Savings 

Total 
Savings Investment Simple 

Payback ECM  ECM Description 
MMBtu 

/Yr kWh/yr $/Yr MMBtu 
/Yr $/Yr $/Yr $/Yr ($) (yrs) 

CEP-8C Renovate Steam Distribution System: New Hot Water 
System 0 0 0 0 $0 0 $0 $375,000 N/A 

Totals  0 0 $0 0 $0. 0 $0 $375,000 N/A 

 

Table ES 5. Summary of Installation Wide ECMs 

Electricity Savings Thermal Savings Maint. 
Savings 

Total 
Savings Investment Simple 

Payback ECM  ECM Description 
MMBtu 

/Yr kWh/yr $/Yr MMBtu 
/Yr $/Yr $/Yr $/Yr ($) (yrs) 

CNTR-1 Increase / Decrease Space Temperature Set Points and 
make uniform 54 15,800 $837 470 $3,760 0 $4,597 2,000 0.4 

CNTR-2 Schedule AHUs to Match Building Occupancy 1,248 365,700 $19,382 0 0 0 $19,382 0 0.0 

CNTR-4 Re-Commission Building Controls and AHUs and 
Replace Pneumatic Controls with DDC - - - - - - - - - 

HVAC-10 Establish Routines for Standby when buildings are not 
in use and Optimize Sequence of Operations 853 250,000 $13,250 8,500 $68,000 0 $81,250 0 0 

Totals  2,155 631,500 $33,469 8,970 $71,760 0 $105,229 $2,000 0.02 
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Table ES 6.  Summary of Not Financially Viable ECMs 

Electricity Savings Thermal Savings Maint. 
Savings 

Total 
Savings Investment Simple 

Payback ECM ECM Description 
MMBtu 

/Yr kWh/yr kWd $/Yr MMBtu 
/Yr $/Yr $/Yr $/Yr ($) (yrs) 

BE-4A Apply a Solar Film to the windows. 4 1,224 0 $65 0 0 0 $65 $1,800 27.7 

BE-4B Apply a Solar Film to the windows. 4 1,224 0 $65 0 0 0 $65 $1,800 27.7 

BE-4C Apply a Solar Film to the windows. 4 612 0 $32 0 0 0 $32 $900 27.7 

CEP-8B Renovate Steam Distribution System: Local Boilers for 
Summer Use 0 0 0 0 510 $4,080 0 $4,080 $40,000 9.8 

CEP-8C Renovate Steam Distribution System: New Hot Water 
System 0 0 0 0 500 $4,000 0 $4,000 $250,000 62.5 

DIN-2 Install Heat Exchangers in Hood Exhaust Stream to Preheat 
OA Intake -13 -3,930 0 -$208 1,084 $8,672 -$600 $7,864 $188,000 23.9 

HVAC-8 Flexible Duct to Simulator Server Racks and Raise the 
Temperature of the General Area 169 49,540 0 $2,626 0 0 0 $2,626 $39,000 14.9 

DHW-1 Replace Domestic Water Heater 0 0 0 0 9 $70 0 $70 $2,100 29.8 

LI-1A Replace Degraded Metal Halide Lights with high output T5's 
or T8's 58 17,072 0 $905 0 0 0 $905 $10,800 11.9 

LI-3 Replace F40T12 Fixtures with F32T8 Fixtures 16 4,630 0 $245 0 0 0 $245 $6,000 24.5 

LI-4 Day Lighting for Maintenance Bay 76 22,320 0 $1,183 0 0 0 $1,183 $20,000 16.9 

LI-6A Increase Day-Lighting (Per Fixture) 1 181 0 $10 0 0 0 $10 $500 52.1 

LI-6B Increase Day-Lighting (20 Fixtures) 20 6,000 0 $318 0 0 0 $318 $8,000 25.2 

LI-6C Increase Day-Lighting (36 Fixtures) 72 21,168 0 $1,122 0 0 0 $1,122 $20,000 17.8 

LI-7B Solar Tubes 126 37,000 0 $1,961 0 0 0 $1,961 $80,000 40.8 

LI-7C Solar Tubes 51 15,000 0 $795 0 0 0 $795 $20,000 25.2 

Totals  588 172,041  $9,119 2,103 $16,822 0 $25,341 $688,900 27.19 
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Recommendations 

Low to Moderate Cost Projects 

The 32 ECMs summarized in Table ES2 were found to offer reasonable energy 
savings for relatively low cost modifications to current methods of operation such 
as: 

• More efficient lighting 
• Lighting system replacement with day-lighting and occupancy sensor control 
• Temperature reset on domestic hot water and air conditioning and heating 

systems 
• Installation of a second window inside of the historic windows at historic 

buildings 
• Vending machine use sensor/controls 
• Energy efficient motors 
• Reduction of outside air for building ventilation during low occupancy of 

variable occupancy building such as dining facilities. 

Fort Carson should seek internal funding for these projects. 

Moderate Cost Projects 

The 16 ECMs summarized in Table ES3 were found to provide similar return on 
investment to the Low to Moderate Cost Project, but required slightly more 
complex implementation and higher investment cost. It is recommended that 
Fort Carson pursue these through third party financing such as an Energy 
Savings Performance Contract (ESPC) or Utility Energy Savings Contract 
(UESC). 

Significant Investment Projects 

The single ECM summarized in Table ES4 was found to require a large 
investment cost and significant construction to implement. The system and 
equipment this measure addresses is a failing steam supply system. It is 
recommended that Fort Carson immediately fund this project with internal 
funding or seek Sustainment Restoration and Modernization (SRM) funding 
from Installation Management Command (IMCOM) due to the life-safety issues 
associated with it. 
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Installation-Wide Projects 

The 4 ECMs detailed in Table ES5 were found to apply to a significant number of 
buildings at Fort Carson. The ECMs that recommend HVAC system temperature 
control adjustment, scheduling of air-handlers to correspond to building 
occupancy, and establishment of routines for standby when buildings are not in 
use and to optimize the sequence of operations may be most economically funded 
using internal funding sources. The measure that recommends recommissioning 
of buildings and upgrading building automation systems to direct digital controls 
may best be pursued through third party financing such as an ESPC. 

Not Financially Viable ECMs  

Table ES6 lists 16 ECMs that were site surveyed for particular buildings and 
applications that initially appear to be good energy savings ideas, but are 
determined by analysis not be cost effective as stand-alone projects. Most of these 
energy measures can produce reasonable savings-to-investment ratios if 
incorporated in a facility refurbishment project or, when possible, incorporate 
them in a new building design. These ECMs are presented and discussed further 
in Chapter 3. 

ECM Extrapolation  

Appendix B shows the results that the Facility Energy Decision System (FEDS) 
Analysis Tool produces by applying an ECM from a sited building to other 
buildings of similar age, construction, and usage patterns. The results presented 
include investment costs and energy savings extrapolated using the FEDS. The 
FEDS is a calibrated model that has been proven to provide accurate results when 
applied within the specific boundaries of its development. Because each building 
was not physically observed, validation of the proposed ECMs should be 
performed for each building not physically surveyed by the EEAP team. 
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Unit Conversion Factors 

Multiply By To Obtain 

acres 4,046.873 square meters 

British thermal units (International Table) 1,055.056 joules 

cubic feet 0.02831685 cubic meters 

cubic inches 1.6387064 E-05 cubic meters 

cubic yards 0.7645549 cubic meters 

degrees (angle) 0.01745329 radians 

degrees Fahrenheit (°F-32)/1.8 degrees Celsius 

feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

inches 0.0254 meters 

miles (nautical) 1,852 meters 

miles (U.S. statute) 1,609.347 meters 

ounces (mass) 0.02834952 kilograms 

ounces (U.S. fluid) 2.957353 E-05 cubic meters 

pints (U.S. liquid) 4.73176 E-04 cubic meters 

pints (U.S. liquid) 0.473176 liters 

quarts (U.S. liquid) 9.463529 E-04 cubic meters 

square feet 0.09290304 square meters 

square inches 6.4516 E-04 square meters 

square miles 2.589998 E+06 square meters 

square yards 0.8361274 square meters 

yards 0.9144 meters 
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1. Introduction 

1.1. Background 

Fort Carson, Colorado is recognized as one of the world’s premier locations to 
lead, train, and maintain while preparing soldiers to win on the battlefield.  Fort 
Carson’s vision is to train, mobilize, deploy, and sustain combat ready forces and 
to ensure the well-being and protection of the Mountain Post Team, while 
operating a responsive, efficient, and sustainable installation, Post Mobilization 
Maneuver Training Center, and power projection platform.  Fort Carson houses 
the 3rd Armored Cavalry Regiment (ACR), 3rd Brigade, 4th Infantry Division (ID), 
43 ASG, and 10 Special Forces (SF).   

Fort Carson is located southwest of Colorado Springs in El Paso County, 
Colorado.  The original military reservation consisted of 60,048 acres of land; 
5,533 donated by the city of Colorado Springs;  29,676 purchased from private 
owners; 262 acquired from the Department of Interior; and 24,577 leased from 
the State of Colorado.   In 2008, Fort Carson consisted of 747 buildings, 738 of 
which were permanent.  These buildings totaled approximately 9,042,000 square 
feet. 

1.2. Objectives 

The objectives of this study were to identify energy inefficiencies and wastes at 
Fort Carson and propose energy related projects with applicable funding and 
execution methods that could enable the installation to meet the energy 
reduction requirements mandated by Executive Order 13123 and EPACT 2005. 

1.3. EEAP Project Team 

1.3.1. USAESCH 

The EEAP program manager is located within USAESCH. In addition, USAESCH 
contributed expertise to perform surveys, identify acquisition strategies and 
recommendations toward funding and contract implementation options to 
include third party financing. 
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1.3.2. ERDC-CERL 

ERDC-CERL was the executing agent for the Energy Optimization Assessment 
using a protocol designed to assist installation energy managers and Regional 
Energy Managers to develop energy conservation projects (self-help for energy 
managers).  ERDC-CERL provided private contractors as Subject Matter Experts 
(SMEs) to evaluate the various energy conservation measures. 

 

1.3.3. PNNL 

PNNL performed extrapolations based on 10 ECMs in this report.  These ECMs 
were extrapolated for all the appropriate buildings at the installation to 
determine the total installation energy reduction impact.  All extrapolations are 
described in Appendix B. 

1.3.4. Private Contractors 

Private contractors with various types of technical expertise were a vital part of 
the Survey Team. Experts in heating, ventilating, and air-conditioning (HVAC), 
central plants, building envelope, and lighting, rounded out the contractor 
portion of the team. 

1.4. Approach 

1.4.1. General 

This study was conducted using an Energy Assessment Protocol developed by 
ERDC-CERL in combination with a FEDS analysis conducted by PNNL. This 
process combines a “ground level” survey of existing systems with a “higher level” 
model-based assessment of the installation based on data gathered from a small 
number of buildings deemed to represent groups of buildings having similar 
occupancy, construction type, age, etc.   At Fort Carson, FEDS were used to 
examine the impact from using the specific ECMs proposed by the EEAP team in 
addition to a list of other energy cost-reducing retrofit measures identified by 
FEDS. The impact of implementing these ECMs was extrapolated to all 
appropriate buildings at Fort Carson to predict the total installation energy 
reduction impact. The general process was: 
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1. Make an initial site visit to, among other items, determine the Site’s major 
energy issues and familiarize the Survey Team with installation and 
operations 

2. Assemble a team of SMEs with expertise in technical areas relating to those 
identified in the initial site visit 

3. Make a Technical Assessment visit with the SMEs and FEDS team 
4. make building specific ECM evaluations, and  
5. Analyze findings and developed implementation strategies 

1.4.2. ERDC-CERL Energy Assessment Protocol 

The protocol addresses technical and non-technical organizational capabilities 
required to make a successful assessment geared to identifying energy and other 
operating costs reduction measures without adversely impacting Indoor Air 
Quality (IAQ), product quality or, in the case of repair facilities, safety and 
morale. 

A critical element for energy assessment is a capability to apply a “holistic” 
approach to the energy sources and sinks in the audited target (installation, 
building, system, and their elements). The holistic approach suggested by the 
protocol includes the analysis of opportunities related to the energy generation 
process and distribution systems, building envelope, lighting, internal loads, 
HVAC, and other mechanical and energy systems.  

1.4.3. Level I Audit 

A Level I audit (qualitative analysis) is a preliminary energy and process 
optimization opportunity analysis consisting primarily of a walk-through review 
to analyze and benchmark existing documents and consumption figures. The 
Level I audit takes from 2 to 5 days, and identifies the bottom-line dollar 
potential of energy conservation and process improvements. No engineering 
measurements using test instrumentation are made. If the consumption figures 
are not available (e.g., due to the absence of metering), which is typical for many 
industrial facilities and manufacturing processes, the Level I audit can be based 
on analyses and estimates by experienced auditors. 

A Level I audit would normally recommend that the installation perform some 
metering, which could be followed by a Level II audit to verify the Level I 
assumptions, and to more fully develop the ideas from the Level I screening 
analysis. 
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1.4.4. Level II Audit 

A Level II audit (quantitative analysis) includes an analysis geared towards funds 
appropriation; this analysis uses calculated savings and partial instrumentation 
measurements with a cursory level of analysis. The Level II study typically takes 5 
to 10 times the effort of a Level I, and could be accomplished over a 2- to 6-
month period, depending on the scope of the effort. The Level II effort includes 
an in-depth analysis in which the most crucial assumptions are verified. The end 
product will be a group of “investment grade” energy and process improvement 
projects for funding and implementation. 

1.4.5. Level III Audit 

Finally, the Level III audit (continuous commissioning) is a detailed engineering 
analysis with implementation, performance Measurement and Verification 
(M&V) assessment, and fully instrumented diagnostic measurements (long term 
measurements). This level takes 3 to 18 months to accomplish. For ESPC 
projects, the Level III audit is prolonged until the end of the contract to guarantee 
that all installed systems and their components operate correctly over their useful 
lifetimes. 

1.5. Scope 

This EEAP Energy Optimization Assessment included a Level I study of energy 
conservation opportunities in a number of representative buildings including an 
analysis of their building envelopes, ventilation air systems, controls, interior and 
exterior lighting as well as opportunities to use renewable energy resources. The 
EEAP initiative did not include the evaluation of industrial or manufacturing 
processes. 

1.6. Benefits of an Energy Assessment 

The benefit of an energy assessment is to identify projects with the potential to 
reduce an installation’s energy usage and operational costs. A very real, but often 
difficult to quantify, benefit of an energy audit is increased process capacity, 
better labor utilization/productivity and enhanced quality of life for soldiers. 
These results can sometimes be far more significant than the direct energy and 
environmental benefits. All of these issues, however, must be considered together 
to accomplish the facility’s mission in the most efficient and cost-effective way. 
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2. Installation Energy Use Rates and Historic Use 

Fort Carson reported that the installation consumed 1,305,644 MMBtu in fiscal 
year 2007 (FY07) and 1,357,845 MMBtu in FY08. In FY07, natural gas 
consumption was 901,530 MMBtu; no propane was used; and electricity 
consumption was 404,114 MMBtu, costing a total of $10,795,295. In FY08, 
natural gas consumption was 944,618 MMBtu; no propane was used; and 
electricity consumption 413,227 MMBtu, costing a total of $11,860,152. 

Table 2-A lists Fort Carson energy consumption and blended costs for FY08. 

Table 2-A. Fort Carson Energy Costs for FY 2008 

Energy Type Consumption Units Unit Price 

Electricity (Blended) 121,089 MWh $53.0/MWh 

Natural Gas 944,618 MMBtu $8.00/MMBtu 

 

Figure 2.1 presents a breakdown of the total cost of energy for Fort Carson energy 
during FY08. 

 

Figure 2.1. Fort Carson energy costs for FY 2008 
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Figure 2.2 shows the installation’s current progress in terms of energy usage and 
reduction. 

 

Figure 2.2. Fort Carson, Energy Reduction Progress Graph 
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3. ECM Descriptions 

1. Low to Moderate Cost Projects (less than $20,000 investment) 
2. Good Payback & Moderate Investment Cost ($20,000 – $199,000) 
3. Good Payback & Significant Investment Cost ($200,000 and above) 
4. Installation – Wide 
5. Not Financially Viable ECMs 

3.1. ECM GROUP 1 – Low / Moderate Cost ECMs 

The Low to Moderate Cost ECM Projects cost less than $20,000 investment to 
implement selected to reduce energy consumption and energy costs include 
building envelope improvements, HVAC improvements, electric motor 
replacements, and lighting replacements. The savings that would result from 
implementation of this package as an energy project are very attractive. Because 
of the relatively small size and marginal complexity, these items could readily be 
implemented through traditional contracting vehicles by the installation (Design-
Build (DB), Design-Bid-Build (DBB), or Job Order Contacts (JOC) using the 
installation’s existing Operations and Maintenance Army (OMA) budget. 

These ECMs can save Fort Carson up to $159,477 per year and reduce annual 
energy consumption by as much as 16,549 MMBtu /yr. These projects have an 
estimated capital cost of $141,476 with a simple payback of 0.89 years, and SIR of 
9.4. 

Table 3.1-A summarizes the data gathered from each ECM. 
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Table 3.1-A Summary of Low / Moderate Cost, SME ECMs 

Water 
Savings Electricity Savings Thermal Savings Maint. 

Savings 
Total 

Savings Investment Simple 
Payback ECM  ECM Description 

$/Yr MMBtu 
/Yr kWh/yr $/Yr MMBtu 

/Yr $/Yr $/Yr $/Yr ($) (yrs) 

BE-1 Add insulation in the ceiling in conditioned spaces. 0 0 0 0 406 $3,245 0 $3,245 $8,900 2.7 

BE-2 Add insulation in the ceiling in conditioned spaces. 0 0 0 0 518 $4,144 0 $4,144 $11,400 2.8 

BE-5 Insulate West-Side, Blackened, Single Pane, Metal 
Windows 0 0 0 0 188 $1,500 0 $1,500 $3,340 2.2 

BE-6 Lower False Ceiling in Office Space 0 3 908 $48 188 $1,504 0 $1,552 $11,100 7.2 

BE-7 Seal and insulate louvers above doors and reseal 
doors. 0 0 0 0 73 $580 0 $580 $2,430 4.2 

CEP-1 Optimize HW Loop Temperature to meet seasonal 
and troop occupancy requirements. $279 0 0 0 3,063 $24,504 0 $24,783 $1,000 0.0 

CEP-3 
Shut off HW Generator between 10:00 pm and 
4:00 am and lower the recirculation loop flow with 
VFD 

0 0 0 0 3,922 $31,376 0 $31,376 $6,800 0.2 

CEP-8A Renovate Steam Distribution System: Repair 
Condensate Pumps 0 0 0 0 125 $1,000 0 $1,000 $5,000 5.0 

CNTR-3 

Switch off Boilers and HW Pumps when Outside 
Temperature is Above 60 deg F, Switch off Chillers 
and CW Pumps when Outside Temp is Lower Than 
60 deg F 

0 32 9,250 $490 0 0 0 $490 $200 0.4 

DIN-3 Add Low Flow Nozzles for all sinks and Rinsing 
Nozzles (WATER SAVINGS) $418 0 0 0 0 0 0 $418 $300 0.7 

HVAC-1 Transfer Temperature Set Point Control to EMCS 0 53 15,666 $830 0 0 0 $830 $9,400 11.3 

HVAC-2 Transfer Temperature Set Point Control to EMCS 0 53 15,666 $830 0 0 0 $830 $9,400 11.3 

HVAC-3 Reset Boiler Hot Water Temperature 0 0 0 0 810 $6,480 0 $6,480 0 0.0 

HVAC-4 Reset Boiler Hot Water Temperature 0 0 0 0 1,080 $8,640 0 $8,640 0 0.0 

HVAC-7 Change Concentration of Glycol for the Chilled 
Water from 50% to 40% 0 430 125,969 $6,676 0 0 $42 $6,718 0 0.0 

HVAC-9 Modify AHUs and MAUs to allow 100% Outside Air 0 270 79,000 $4,187 0 0 0 $4,187 $12,500 3.0 

HVAC-12 Control Space Temperature from one thermostat 0 0 0 0 600 $4,800 0 $4,800 $12,000 2.5 

HVAC-18 Enable Economizer Operation for Cooling 0 3,082 903,000 $47,859 0 0 0 $47,859 $10,000 0.2 

LI-1B Replace Degraded Metal Halide Lights with high 
output T5's or T8's 0 91 26,707 $1,415 0 0 0 $1,415 $12,000 8.5 

LI-2A Lighting Control 0 152 44,640 $2,366 0 0 0 $2,366 $8,000 3.4 
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Water 
Savings Electricity Savings Thermal Savings Maint. 

Savings 
Total 

Savings Investment Simple 
Payback ECM  ECM Description 

$/Yr MMBtu 
/Yr kWh/yr $/Yr MMBtu 

/Yr $/Yr $/Yr $/Yr ($) (yrs) 

LI-2B Lighting Control 0 152 44,640 $2,366 0 0 0 $2,366 $8,000 3.4 

LI-2C Lighting Control 0 26 7,488 $397 0 0 0 $397 $600 1.5 

LI-2D Lighting Control 0 32 9,360 $496 0 0 0 $496 $600 1.2 

LI-2E Lighting Control 0 26 7,488 $397 0 0 0 $397 $600 1.5 

LI-2F Lighting Control 0 16 4,680 $248 0 0 0 $248 $1,000 4.0 

LI-2G Lighting Control 0 19 5,616 $298 0 0 0 $298 $600 2.0 

LI-2H Lighting Control 0 16 4,680 $248 0 0 0 $248 $600 2.4 

LI-2I Lighting Control 0 16 4,680 $248 0 0 0 $248 $600 2.4 

LI-2J Lighting Control 0 16 4,680 $248 0 0 0 $248 $600 2.4 

LI-5 On Failure, Replace T8 Ballasts with Premium 
Grade T8 Ballasts and High Lumen Lamps  0 0 37 $2 0 0 0 $2 $6 3.1 

LI-8A Light Sensors for space with Natural Light 0 48 14,200 $753 0 0 0 $753 $500 0.7 

LI-8B Light Sensors for space with Natural Light 0 36 10,600 $562 0 0 0 $562 $4,000 7.1 

Totals  $697 4,569 1,338,955 $70,964 10,973 $87,773 $42 $159,476 $141,476 0.89 
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3.1.1. ECM BE-1: Add Insulation in Ceiling in Conditioned Spaces, Motor 
Pool Building 1982 

Existing Conditions/Problems 

The administrative areas of the motor pool Building 1982 are heated by hot water 
radiators during the winter months.  The radiators are not controlled with 
thermostats and, therefore, run 24/7.  Short of replacing the hot water radiators 
with newer hot water unit heaters, the losses from the administration areas can 
be reduced by insulating the ceiling areas. 

Solution 

Install insulation with rating of R-30 in the ceiling in all heated spaces.  The 
insulation will provide a resistance to heat transfer.  The resulting new U-value 
due to the new ceiling insulation will be 0.033 British Thermal Unit (Btu)/sq. 
ft./°F.  

Savings 

Insulating the ceiling in the administration areas of the motor pools will provide 
a saving as calculated below: 

Assume that the administration area of the motor pools is 35% of the total area of 
the Motor Pools.   

The ceiling material has typically an R-value of 2.86 sq. ft. /°F hr/Btu 

The U-value of the ceiling material is 0.3497 Btu/sq. ft. /°F hr. 

For a ceiling insulation with R-value of 30 sq. ft. /°F hr/Btu  

The U-value of this ceiling insulation is 0.034 Btu/sq. ft./ °F hr. 

The administration area of Building 1982 is 0.35 x 18,440 sq. ft. = 6,455 sq. ft. 

Q = (0.3497 – 0.034) Btu/sq. ft./°F x 6,455 sq. ft. x 4909 degree days x 24 
hrs/day /0.74 heating system efficiency = 324.5 MMBtu/yr. 

Equivalent gas input = 324.5/80% = 405.6 MMBtu/yr. 

Cost Savings = 405.6 MMBtu/yr x $8.00 MMBtu/yr = $3,245/yr. 
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Investment 

The estimated cost to insulate the ceiling areas in Building 1982 is $8,900. 

Payback 

The resulting payback is 2.7 years. 

3.1.2. ECM BE-2: Add Insulation in Ceiling in Conditioned Spaces, Motor Pool 
Building 2692 

Existing Conditions/Problems 

The administrative areas of the motor pool Building 2692 are heated by hot water 
radiators during the winter months.  The radiators are not controlled with 
thermostats and therefore run 24/7.  Short of replacing the hot water radiators 
with newer hot water unit heaters, the losses from the administration areas can 
be reduced by insulating the ceiling areas. 

Solution 

Install insulation with rating of R-30 in the ceiling in all heated spaces.  The 
insulation will provide a resistance to heat transfer.  The resulting new U-value 
due to the new ceiling insulation will be 0.033 Btu/sq. ft. /°F.  

Savings 

Insulating the ceiling in the administration areas of the motor pools will provide 
a saving as calculated below: 

Assume that the administration area of the motor pools is 35% of the total area of 
the Motor Pools.   

The ceiling material has typically an R-value of 2.86 sq. ft. /°F hr/Btu 

The U-value of the ceiling material is 0.3497 Btu/sq. ft. /°F hr. 

For a ceiling insulation with R-value of 30 sq. ft. /°F hr/Btu,the U value of this 
ceiling insulation is 0.034 Btu/sq. ft. /°F hr. 

The administrative area of Building 2692 is 0.35 x 23,575 sq. ft. = 8,250 sq. ft. 
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Q = (0.3497 – 0.034) Btu/sq. ft./°F x 8,250 sq. ft. x 4909 degree days x 24 
hrs/day /0.74 heating system efficiency = 414.7 MMBtu/yr. 

Equivalent gas input = 414.75 /80% = 518 MMBtu/yr. 

Cost Savings = 518 MMBtu/yr x $8.00 MMBtu/yr = $4,147/yr. 

Investment 

The estimated cost to insulate the ceiling areas in Building 2692 is $11,400. 

Payback 

The resulting payback is 2.7 years. 

3.1.3. ECM BE-5: Insulate West-Side, Blackened, Single-Pane, Metal Frame 
Windows, Fitness Center, Building 1160 

Existing Conditions/Problems 

The windows on the west façade of the basketball court in building 1160 were 
painted black in 1997 to prevent the setting sun from being disturbing during 
basketball games in the afternoons. The windows are single-pane, metal frame 
windows and, therefore, very energy inefficient. The black paint absorbs solar 
radiation, increasing the temperature of the glazing.  Although the sun light is 
blocked, infrared heat is still transmitted to the building and must be removed by 
the air conditioning system. 

 
Figure 3.1.3-1 Fitness Center 1160 – West Side Windows 

Solution 

Add insulated panels on the inside of the windows, 4 inches of insulation. 
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Savings 

The current energy losses are calculated to be in the range of 10 W/m2, oC. 
Adding 4 inches of insulation will reduce the heat losses to 0.23 W/m2, oC. 

With a total area of 6 x 8 ft x 12 ft = 576 sq. ft. = 53 m2 ,the annual savings of heat 
at Fort Carson climate can be calculated as: 

(10 – 0.23) W/ m2, oC x 53 m2 x 3,525 degree days C x 24 hrs = 44,000 kWh = 
150 MMBtu.  

The value of the savings is $1,500 with 80% boiler plus distribution efficiency 
(the building is heated from the central energy plant). 

Investment 

Adding insulated panels with 4 inches of insulation is easily done at this location. 
We estimate the installed cost to be around $63/m2 or a total cost of $3,340. 

Payback 

The resulting payback is 2.2 years. 

3.1.4. ECM BE-6: Lower False Ceiling in Office Space, Warehouse Building 
330 

Existing Conditions 

Located on the second floor of Warehouse Building 330 is approximately 1,800 
square feet of office space, which is heated and cooled seasonally.  The existing 
drop ceiling is approximately 15 feet high.  The space is difficult to heat in the 
winter and cool in the summer.   

 
Figure 3.1.4-1 Building 330 Office Space 
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Solution 

Lowering the ceiling height from 15 feet to 9 feet and insulating it would reduce 
the conditioned area by 40%.  Less energy would be required to heat and cool the 
space, and there would be better control of the space temperature. 

Note:  Although lowering the ceiling would cover the natural daylighting from the 
high windows, by bringing the existing light fixtures down closer to the workers, 
additional lights will not be required.  In fact, possibly fewer fixtures would be 
required.  This is addressed in a lighting ECM. 

Savings 

Existing air flow = 1,800 sq. ft. x 15 ft x 5 cf/hr / 60 min/hr = 2,250 cfm 

Cooling cost savings: 

2,250 cfm x 457 CDD x 1.1 A.F. x 24 hr/day x 40% savings = 10.9 MMBtu/yr. 

10.9 MMBtu x 1 kW/ton / 12,000 Btu/ton = 908 kWh. 

908 kWh/yr x $0.053/kWh = $48/yr. 

Heating cost savings: 

2,250 cfm x 6345 HDD x 1.1 A.F. x 24 hr/day x 40% / 0.8 efficiency = 188 
MMBtu/yr. 

188 MMBtu/yr x $8.00/MMBtu = $1,500/yr. 

Total annual savings = $48/yr + $1,500/yr = $1,548/yr. 

Investment 

Lower the existing drop ceiling utilizing the existing framework: 

$5.00/sq. ft. x 1,800 sq. ft. = $9,000. 

Extend ductwork and rewire light fixtures = $2,100 

Total installed cost = $11,100 
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Payback 

The resulting payback period is 7.2 years. 

3.1.5. ECM BE-7: Seal and Insulate Louvers Above Doors and Reseal Doors, 
Special Events Center Building 1829 

Existing Conditions/Problems 

Building 1829, the Special Event center, has entrance doors in all corners of the 
building. The doors are double doors, with poor sealing in between doors and 
beneath.  See photo below: 

 
Figure 3.1.5-1 Special Events Center – Entrance Doors 

There are a total of 10 double entrance doors leading into the building. 
Furthermore, above the doors are metal louvers, non-operable, that are always 
open to the outside climate. This is true for all entrances except for the south-
west entrance where plywood boards have been added to cover the louvers. A 
photo showing the uncovered louvers is shown below. 

 
Figure 3.1.5-2 Special Events Center - Louvers 
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The entrances has vestibules with inner doors but these are not properly sealed 
either and it is easy to imagine what it is like when the outdoor temperature 
drops to 10 – 20 °F. 

Solution 

Add insulated panels to the louvers, at least 2 inches of insulation. Reseal all 
outer doors. 

Savings 

The savings will be approximately twice the savings calculated for the window 
ECM in Building 1160, or 20 W/m2, oC. With a total area of approximately 10 m2 
the savings can be calculated to be 20 W/m2, oC x 10 m2 x 3,525 degree days C x 
24 hrs = 17,000 kWh = 58 MMBtu. The value of the savings is $580 with a 
natural gas price of $8.00/MMBtu and 80% boiler efficiency (1829 has its own 
steam boiler). 

Investment 

Installed cost for insulated panels is estimated to be $180 x 9 panels = $1,620. 

Installed cost for door seals is estimated to be $90 x 9 sets of doors = $810. 

Total installed cost is estimated to be $2,430. 

Payback 

The resulting payback is 4.2 years. 

3.1.6. ECM CEP-1: Optimize HW Loop Temperature to Meet Seasonal and 
Troop Occupancy Requirements, Central Energy Plant Building 1860 

Existing Conditions/Problems 

The current practice of controlling system loop temperature at a constant set 
point of 355°F throughout the year results in unnecessarily high system losses.  A 
fundamental concept in the optimization of energy systems is to deliver energy 
(hot water in this case) to the legitimate process end users (building heat, 
showers, etc.) on an “as needed basis.”  For the Installation’s central hot water 
(HW) heating plants, this would call for controlling the HW system by reference 
to the return temperature (not supply temperature) to always make sure the last 
user of the loop is provided high enough HW temperature.  Additionally, the HW 
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return temperature set point does not necessarily have to be held constant, but 
rather can be adjusted seasonally at somewhat lower temperature levels to satisfy 
the lower system loads during the warm weather months of spring, summer, and 
fall.  Evaluation of this concept might best start at a very conservative HW return 
temperature set point of 245°F, after which the results could be judged. Please 
note the tables below show the lowest annual historical return temperature 
during, the winter at peak HW loop load to be about 230°F. 

An additional step in driving down the average loop temperature is presented in 
ECM Central Energy Plant (CEP) #2. This is based on a first-principle rule of this 
approach: "Challenge the legitimacy of the existing system loads." In this case, 
the only HW end-users that require high temperature HW are the Mess Halls, 
which use HW to make low-pressure steam. To take full advantage of this control 
strategy and allow the production of lower temperature HW, it is recommended 
to install four small direct-fired HW heater units to boost the HW to produce 
flash steam and operate on demand as needed. 

Solution 

Optimize HW temperature at significantly lower levels and control temperatures 
by referencing HW return temperature instead of HW supply temperature. This 
control concept will allow the HW supply temperature to float from 355°F during 
the winter, high load period, to a low of 295°F during the summer. 

The energy savings is realized by operating at a lower HW loop temperature thus 
reducing the heat losses through pipe and component insulation. The control 
concept continuously provides a variable HW supply-side temperature that 
always satisfies the actual demand with the lowest HW supply temperature 
practical. 

Savings 

Data used for economics: 

The heat losses through thousands of yards of underground, insulated piping are 
estimated to be 5 MMBtu/hr. 

The HW supply temperature is controlled at a constant 355°F and outside 
insulation temperature is 60°F. 
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The HW return temperature should be adjusted to lower levels based on daily 
and seasonal heating requirements and Installation occupancy levels. The 
recommended changes from the past practice of allowing constant HW supply 
temperature of 355°F all year long to allowing the HW supply to "float" based on 
a conservative, HW return temperature of 230°F is best illustrated below. 

Table 3.1.6-A Existing control based on constant supply temperature of 355°F. 

Season HW Supply* HW Return Delta T Avg. HW loop temp 
Summer 355 290 65 322 
Fall 355 260 95 307 
Winter 355 239 116 297 
Spring 355 260 95 307 
Annual Avg. 355 262 93 308 

*Based on historical data provided by EMS Operator at Fort Carson 
 

Table 3.1.6-B Proposed control based on constant return and floating supply 
temperature. 

Season HW Supply HW Return Delta T Avg. HW loop temp 
Summer 295 230 65 262 
Fall 325 230 95 277 
Winter 355 230 125 292 
Spring 325 230 95 277 
Annual Avg. 325 230 95 277 

Note:  The annual average loop temperature falls from 308°F to 277°F for a difference of 
29°F 

 

The pressure due to the lower temperature setting will be reduced by 
approximately 40 pounds per square inch (psi), from 280 pounds per square inch 
gauge (psig) , 295 pounds per square inch absolute (psia), to 240 psig (255 psia) 
for proportionally lower leak rates. 

The system leak rate (make up) is assumed to be 5,000 gallons per day (gpd). The 
leak rate has been as high as 15,000 gpd in the past. 

Fuel cost (natural gas) is $8.00/MMBtu. 

Savings Calculations 

1.   Reduced Heat Loss through Insulation: 
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[(308°F-60°F) - (277°F-60°F)] / (308°F-60°F) = 12.5% savings 
5 MMBtu/hr x 4350 hr/yr x 12.5%= 2,719 MMBtu/yr 
2,719 MMBtu/yr x $8.00/MMBtu = $21,760 k/yr 

 
2.  Reduced fuel cost from heat in HW leaks: 

1- (255 psia / 295 psia) = 13.5% x 50% x 5,000 gpd x 8.33 lb/gal x 365 d/yr 
x 277°F x 1 Btu/lb °F = 350 MMBtu/yr 
350 MMBtu/yr x $8.00/MMBtu = $2,800/yr 

 
3.   Reduced water cost from leaks: 

1 - (255 psia / 295 psia) = 13.5% x 50% x 5 kgal/day x 365 days/yr = 
123 kgal/day  
123 kgal/day x $1.64/kgal = $200/yr 

Total savings = $21.7k + $2.8k + $0.2k = $24,700 /yr 

Investment 

Programming set points and writing the float HW return temperature 
subroutine: $1,000. 

Payback 

The resulting payback is almost immediate. 

3.1.7. ECM CEP-3: Shut Off HW Generator Between 10:00p.m. and 4:00a.m. 
And Lower Recirculation Loop Flow with VFD, Central Energy Plant 
Building 1860 

Existing Conditions/Problems 

CEP Building 1860 has extremely low loads from 10 p.m. to 4 a.m. during the 
warm weather months from May through September. Several years ago, the HW 
generator was shut off during the night and restarted early morning to save 
energy. The actual load during these hours is virtually 100 percent steam losses, 
determined to be 5 MMBtu/hr (see analysis and data in ECM CEP#1). The 
thermal inertia from the miles of large volume underground distribution losses 
will still provide HW (maybe 230°F, not 355°F) for the occasional 2 a.m. user 
who needs the hot water. The system pressure will still be maintained with the 
VFD HW pump but at lower pressure than normal. 
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Solution 

Shut off HW generator for 6 hours between 2200 and 0400 during warm months 
and lower HW loop flow rate, yet maintain system pressure. 

Savings 

Data used for economics: 

• The fixed system losses through thousands of yards of underground piping 
with insulation losses are estimated to be 5 MMBtu/hr. 

• The energy to recover current system supply temperature of 355°F is 
estimated to be 30 minutes at 15 MMBtu/hr. 

• "Warm months" are defined as 15 May to 15 September (122 days). 
• Fuel cost is $8.00/MMBtu. 
• HW boiler efficiency is 70%. 

Savings Calculation 

Existing fuel cost for late night operation, thus savings when deactivated: 

5 MMBtu/hr x 732 hrs /yr / 70% efficient = 5,229 MMBtu/yr 
5,229 MMBtu/yr x $8.00/MMBtu = $41,832/yr 

Recovery cost when turning system off at night: 

15 MMBtu/hr x 0.5 hr/night x 122 days /yr / 70% efficient = 1,307 MMBtu/yr 
1,307 MMBtu/yr x $8.00/MMBtu = $10,457/yr 

Summer net savings = $41,832/yr - $10,457/yr = $31,375. 

Investment 

The system could be automatically programmed to shut off and restart with an 
inexpensive timer. Programming and installation cost is estimated to be $6,800. 

Payback 

The resulting payback is 0.2 years. 
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3.1.8. ECM CEP-8A: Renovate Parts of Steam Distribution System, CEP 
Building 9609 

Existing Conditions/Problems 

The boiler plant in building 9609 provides heat (steam) to buildings 9604, 9600, 
9601, 9602, 9611, and 9612. The plant has 3 boilers providing 50-psi steam. The 
boilers are marked 5858 Main Boiler House (MBH) each; all are the same size. 
Occasionally, there is no condensate return at all due to failing condensate return 
pumps in building 9604. When this happens, and if the condensate pumps are 
not fixed immediately, it is necessary to add around 3,000 gallons of make-up 
water per day. The make-up water is 55°F compared to condensate, which can be 
around 160°F. 

Solution 

Fix the condensate return pumps in 9620 (permanently, with new pumps as 
other work is done in the heat distribution room, bldg 9604) to avoid having to 
add 3,000 gallons of feed water per day (at 55°F compared to condensate at 
160°F). 

Savings 

According to data received from Fort Carson Central Energy Plant Operations 
personnel, the energy used in 9609 was only 2,645,000 cu. ft. in 2007, which 
means 2,645 MMBtu, a total cost of $21,160. This is very low considering the 
buildings attached to the plant but when recalling that the hangar 9604 now 
mainly is heated by natural gas-fired radiant heaters (original heating systems 
abandoned) the energy use makes sense. The other buildings are much smaller 
than building 9604. 

Fixing the condensate return pumps could save approximately 5% or 
$1,000/year. 

Investment 

Repair condensate pumps: $5,000. 

Payback 

The resulting payback is 5 years. 
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3.1.9. ECM CNTR-3: Switch Off Boilers and HW Pumps When Outside 
Temperature is Above 60ºF, Switch Off Chillers and CW Pumps When 
Outside Temp is Lower Than 60ºF 

Existing Conditions/Problems 

During the assessment in April 2008, it was noticed that many HW pumps were 
running, circulating hot water to unit heaters, air handling units and radiators 
that were not demanding heat due to the high outdoor air temperature. At the 
same time, it was also noticed a number of chilled water pumps were running 
when the temperature did not require cooling. 

Running these pumps when there is no need for heating or cooling is a waste of 
both electric energy for pump motors and energy that is lost when the chilled or 
hot water circulates around buildings just to generate losses (which could easily 
be detected by studying the delta-T, difference) between supply and return 
temperatures in the mechanical rooms where the pumps where located, only 1 to 
3o°F ∆T. 

Solution 

Add the following sequence of operations to existing Direct Digital Controls 
(DDC) controls, supervised and controlled also through the EMCS: 

1.  Chillers and chilled water pumps stop when OA is below 60°F, start (in 
reverse sequence) when OA is above 60°F (or 65°F could be an even more 
efficient start temperature). 
2.  Local boilers and hot water pumps stop when OA is above 60°F; start in 
reverse sequence when OA drops below 60°F. 

Savings (Bldg 330 Illustrated) 

The calculated savings is an example where both 25 hp hot water pumps are 
running during warm days.  The local controls for the pumps (and the boilers as 
well) here were set up to switch off when outside air (OA) exceeds 70°F. The 
chilled water pumps (and the chiller) were also running at parts of the day, 
without need for cooling. The chilled water pumps were 2 x 7.5 kW. Assume that 
pump motors are loaded 80%, which gives a total electric load for the HW pumps 
to be 40 hp and the constant hot water (CHW) pumps at 12 hp. 

The present settings will allow pumps, boilers, chillers to run simultaneously, and 
far too many hours per year (without a real demand). Without knowing exactly 
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how much, we assumed 200 hrs per set of pumps, generating unnecessary 
electricity use of (40 + 12 hp) x 0.746 kW/hp x 200 hrs = 7,758 kWh/year worth 
close to $411/yr. 

Investment 

Re-programming controls, no more than $200 per mechanical room (sets of 2 
cold water (CW) pumps and 2 HW pumps). 

Payback 

The resulting payback is 0.5 years. 

3.1.10. ECM DIN-3: Add Low-flow Nozzles for all Sinks and Rinsing Nozzles, 
Dining Facility, Building 1444 

Existing Conditions/Problems 

Building 1444 utilizes a pre-rinse step in cleaning dishes.  Dishes are pre-rinsed 
in parallel by two people following each of three meals per day.  Based on 
observations, it is assumed that the pre-rinse step uses approximately 1,000 
gallons of water per day. 

 
Figure 3.1.14-1 Building 1444 – Dish Washing 

Solution 

Installing low-flow nozzles on each of the pre-rinse spray hoses could reduce 
water consumption from 4.8 to 2.0 gallons per minute. 

Savings 

Water savings based on 50% flow reduction: 
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1,000 gallons/day x 365 days/yr x 50% = 182,500 gallons/yr 

182.5 kgal/yr x ($2.94/kgal + $1.64/kgal) /2 average cost = $418/yr 

Investment 

Cost to install two low-flow nozzles = $300 

Payback 

The resulting payback period is 0.7 years. 

3.1.11. ECM HVAC-1: Transfer Temperature Set-Point Control to EMCS, Motor 
Pool Building 1982 

Existing Conditions/Problems 

The Motor Pool, Building 1982, was heated by hot water Unit Heaters (UH). Each 
UH is controlled by a wall-mounted thermostat.  During our inspection, all the 
UHs were running, but heating was not needed since the outside temperature 
was in the low 70s and sunny. 

Solution 

Remove all the wall-mounted thermostats and install temperature sensors 
instead.  Connect the temperature control points from the temperature sensors to 
the EMCS to transfer control of the building environment to the EMCS 
technicians.  Reduce the dependency on local timers, local controls, and people 
by installing new DDC controls, automated time controls, and startup sequences 
etc.  

Savings  

There are 2 unit heaters installed per motor pool bay, and there are 10 bays in 
each motor pool shop area.  Assuming each unit heater has a fan motor rated at 
1.0 HP each running for 10 hours per day, the savings are calculated as follows: 

20 HP x 0.746 kW/hp x 50 hrs/week x 21 weeks = 15,666 kWh/year.   

At $0.053/kWh, the value of not running the unit heaters during the summer is  
15,666 kWh/year x $0.053 = $830/yr. 
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Investment 

There will be 10 control points, which will cost the base $940 per control point 
for a total investment of $9,400. 

Payback 

6. The resulting payback is 11.3 years. 

3.1.12. ECM HVAC-2: Transfer Temperature Set-point Control to EMCS, Motor 
Pool Building 2692 

Existing Conditions/Problems 

The Motor Pool, Building 2692, was heated by hot water Unit Heaters (UH). 
Each UH is controlled by a wall-mounted thermostat.  During our inspection, all 
the UHs were running, but heating was not needed since the outside temperature 
was in the low 70s and sunny. 

Solution 

Remove all the wall-mounted thermostats and install temperature sensors 
instead.  Connect the temperature control points from the temperature sensors to 
the EMCS to transfer control of the building environment to the EMCS 
technicians.  Reduce the dependency on local timers, local controls, and people 
by installing new DDC controls, automated time controls, and startup sequences, 
etc.  

Savings  

There are 2 unit heaters installed per motor pool bay, and there are 10 bays in 
each motor pool shop area.  Assuming each unit heater has a fan motor rated at 
1.0 HP each running for 10 hours per day, the savings is calculated as follows:   
20 HP x 0.746 kW/hp x 50 hrs/week x 21 weeks = 15,666 kWh/year.  At 
$0.053/kWh, the value of not running the unit heaters during the summer is 
15,666 kWh/year x $0.053 = $830/yr. 

Investment 

There will be 10 control points, which will cost the base $940 per control point 
for a total investment of $9,400. 
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Payback 

The resulting payback is 11.3 years. 

3.1.13. ECM HVAC-3: Reset Boiler Hot Water Temperature, Motor Pool 
Building 1982 

Existing Conditions/Problems 

During our inspection of the building Mechanical Room, we noticed that the 
heating boiler was cycling and water temperature supplied from the boiler was 
180°F.  The outside temperature during our inspections was in the low 70s and 
sunny so there was no need for heating in the building.  It was also observed that 
the offices in the administration areas were being heated by uncontrolled hot 
water radiators.  The pump was continuously running to supply hot water 
radiators.   

 
 

Figure 3.1.17-1 Motor Pool Building 1982 - Boiler 

Solution 

Change the boiler hot water supply temperature settings from the ECMS when 
the outside temperature reaches 60°F to a lower setting of about 120°F.  At the 
time of our inspection, the setting was 180°F.  The ECMS technicians have the 
capability to make the changes at this time but the settings can be overridden at 
the boiler control panel.  The boiler control panel should be modified to prevent 
access to the controls within. 
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Savings 

For a motor pool of this size, the probable maximum hot water demand is 75 
GPM x 0.4 = 30 GPM.  Using the an average flow rate of 15 GPM, and changing 
the set-point from 180°F to 120°F, the savings will be 15 GPM x 500 x (180-120) 
= 0.45 MMBtu/hr.  Assuming an operating period of 2 months when the water 
temperature is maintained at 120°F instead of the higher temperature of 180°F 
and operating the boiler 24/7, 0.45 MMBtu/hr x 1,440 hrs = 648 MMBtu.  
Assuming a boiler efficiency of 80%, the total gas consumption for the boiler for 
that period of time is 810 MMBtu.   

The savings is $8.00/MMBtu x 810 MMBtu = $6,480 for 2 months.  This savings 
may be more if the boiler is operated at the lower temperature for a longer 
period.  

Investment 

No investment is required. 

Payback 

Immediate 

3.1.14. ECM HVAC-4: Reset Boiler Hot Water Temperature, Motor Pool 
Building 2692 

Existing Conditions/Problems 

During our inspection of the building Mechanical Room, we noticed that the 
heating boiler was cycling and water temperature supplied from the boiler was 
180°F.  The outside temperature during our inspections was in the low 70s and 
sunny so there was no need for heating in the building.  It was also observed that 
the offices in the administration areas were being heated by uncontrolled hot 
water radiators.  The pump was continuously running to supply hot water 
radiators.   
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Figure 3.1.18-1 Motor Pool Building 2692 - Boiler 

Solution 

Change the boiler hot water supply temperature settings from the ECMS when 
the outside temperature reaches 60°F to a lower setting of about 120°F.  At the 
time of our inspection, the setting was 180°F.  The ECMS technicians have the 
capability to make the changes at this time but the settings can be overridden at 
the boiler control panel.  The boiler control panel should be modified to prevent 
access to the controls within. 

Savings 

For a motor pool of this size, the probable maximum hot water demand is 100 
GPM x 0.4 = 40 GPM.  Using an average flow rate of 20 GPM, and changing the 
set-point from 180°F to 120°F the savings will be 20 GPM x 500 x (180-120) = 
0.6 MMBtu/hr.  Assuming an operating period of 2 months when the water 
temperature is maintained at 120°F instead of the higher temperature of 180°F 
and operating the boiler 24/7, 0.6 MMBtu/hr x 1,440 hrs = 864 MMBtu/yr.  
Assuming a boiler efficiency of 80%, the total gas consumption for the boiler for 
that period of time is 1,080 MMBtu/yr.   

The savings is $8.00/MMBtu x 1,080 MMBtu/yr = $8,640 for 2 months.  This 
savings may be more if the boiler is operated at the lower temperature for a 
longer period.  
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Investment 

No investment required. 

Payback 

Immediate 

3.1.15. ECM HVAC-7: Change Concentration of Glycol for the Chilled Water 
from 50% to 40%, DOIM Building 1550 

Existing Conditions/Problems 

During the inspection, it was noted that the chilled water glycol concentration is 
maintained at 50%.  The addition of glycol to the chilled water system lowers the 
capacity of the chiller.   

Solution 

Colorado Springs winter design outside air temperature is 2°F.  A 30% ethylene 
glycol solution will freeze at 2°F. Due to possible slush creation in the chilled 
water with the winter climatic condition in Colorado Springs being the same as 
the freezing point of the solution regardless of the pipes being insulated, it is not 
recommended to lower the solution to 30%.  The solution can be lowered to 40%, 
which has a freezing point of -13°F.   

Savings 

The total installed capacity for the Director of Information Management (DOIM) 
is 330 tons and comes from 1-110 ton Trane unit, 80-ton York unit, 6-20 ton 
Pomona Units and 2-10 ton Pomona units.  The building loads are expected to 
increase due to the replacement of the existing servers in the server rooms to 
higher capacity servers, which give off higher cooling loads.  The 80-ton York 
unit, which was not being used at the time of inspection, will be replaced with a 
unit with the same capacity of the Trane unit.  The capacity of the chillers is de-
rated by 23% with the use of 50% ethylene glycol solution.  Changing the solution 
to 40% will only de-rate the chiller capacity by 18%, an improvement of 5%.  

The savings achieved by increasing the capacity of the chilled water system by 5% 
is calculated as follows:   Assuming the chillers comply with the requirements of 
ASHRAE 90.1, the kW/ton of each chiller is 0.633; the power consumption will 
decrease by 5%.   
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0.633 kW/ton x 360 tons x 5% x 457 CDD x 24 hr/day x $0.053/kWh = 
$6,623/yr.   

The cost of glycol is $0.10/lb. The density of glycol is 69.5 lbs/cu. ft. or 69.5/7.48 
= 9.29 lb/gal. Therefore the cost of glycol/gallon is 0.10 x 9.29 = $0.93.  
Assuming a make-up water rate of 450 gal/yr, there is a 10% reduction in the 
amount of glycol needed. The make-up water required is 450 gal/yr.  The savings 
in glycol usage is 450 gal/yr x 10% = 45 gal/yr.  The savings is therefore 45 gal/yr 
x $0.93/gal = $42/yr. 

The total savings attained by reducing the glycol concentration in the chilled 
water system from 50% to 40% is = $42 + $ 6,625 = $6,667/yr. 

Investment 

No investment required. 

Payback 

Immediate 

3.1.16. ECM HVAC-9: Modify AHUs and MAUs to Allow 100% Outside Air, 
Dining Facility Building 1444 

Existing Conditions/Problems 

According to information received from the EMCS operators it is believed that 
the Air Handling Units (AHUs) and Make-up Air Unit (MAUs) at the dining 
facility, building 1444, do not have large enough air intakes to allow operation on 
100% outside air. This means that economizing, for free cooling, cannot be fully 
utilized. At this stage, it is uncertain how the units were designed and 
constructed, or how much airflow the units supply. We know for sure that the 
chiller and the chilled water pumps operate all the way down to 45°F, which is a 
temperature at which all necessary cooling should be provided from the outside 
air. The present configuration prevents efficient use of free cooling. The chiller is 
large, with 2 compressors, rated at 139 and 158 Rated Load Amps (RLA) 
respectively, 76 and 76 Locked Rotor Amps (LRA) respectively, at 460 Volts (V), 
60 Hertz (Hz), 3-phase. 
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Figure 3.1.20-1 Dining Facility 1444 - Chiller 

Solution 

Modify the AHUs and MAUs to allow 100% OA intake. Switch chiller and chilled 
water pumps OFF when OA temperature drops below 60°F, as recommended in a 
general ECM for Fort Carson. 

Savings 

Having the chiller run all the way down to when the Outside Air temperature 
drops below 45°F will make the chiller run during approximately 110 days more 
than if the switch-OFF temperature was 60°F, based on weather data for the area. 
The chiller is assumed to run at an average of 1/3 of its maximum load during 
these days, which is approximately 30 kW. The wasted energy then is 30 kW * 110 
days * 24 hours = 79,000 kWh. By avoiding this energy use, Fort Carson would 
save $4,200 annually. 

Investment 

Investment is estimated to be $12,500 for all the units. 

Payback 

The resulting payback is 3 years. 
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3.1.17. ECM HVAC-12: Control Space Temperature from One Thermostat, 
Fitness Center, Buildings 1160, 1856, and 1829 

Existing Conditions/Problems 

Buildings 1160 and 1856 are fitness centers with basketball courts occupying the 
major space. Building 1829 also used to be a gym but is now the Special Event 
Center with the main basketball court converted to a large open space for special 
events. These spaces are heated by wall-mounted air heaters with dampers for 
use of outside air or return air. Every one of these units (4 ea in 1160, 4 ea in 1856 
and also 4 ea in 1829) is controlled by its own thermostat. When visiting the 
buildings, it was noticed that some units were running while others were off due 
to different set points at the thermostats. This is not an ideal condition because 
thermostats can be changed by anyone in the buildings and without control. 

In the Special Event Center, the thermostats have been hidden behind cloth 
drapes that cover the walls at the far ends of the building. Furthermore, the 
heating units are manually controlled (ON/OFF) by a simple light switch and the 
thermostats either do not have a scale that can be read or are totally without 
knobs to turn. Temperature control therefore must be very difficult and most 
likely causes excessive energy use. 

In Building 1856, we also found 9 or 10 so-called heating control units (HCUs) 
using electric heat that supplied 90°F – 110°F air into the vestibule, locker rooms 
and other spaces, seemingly without control since this was late afternoon and 
there was no need for heat.  See photo below.  

 

Figure 3.1.21-1 Fitness Center Building 1856 – Electric Heater 
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The heat supply to AHU-4 in Building 1856 has a leaking heat control valve, thus 
letting the heat circulate through the heating coil. In Building 1856, a safety relief 
valve was found leaking in the mechanical room. 

Building 1160: Needs insulation 

Solution 

For each one of the buildings: Remove all individual thermostats. Install one or 
more space temperature sensors at occupancy level (not behind drapes) that are 
used to control the heat supply into the buildings. Use a sensor and a local 
control unit that is programmed to keep a certain space temperature (i.e. 68°F) 
and that the users cannot manipulate easily. If more than one sensor is used, they 
shall be used to calculate an average space temperature that controls the heat 
supply into the buildings. When heat is needed. all 4 units should be started. All 
units should run on 100% return air at all times since the volume and the 
infiltration is big enough to ventilate the spaces. 

Eliminate ceiling heater cooler units (HCUs unit heaters) in Building 1856. There 
seemingly is no control, blowing excessive hot air unnecessarily. Remove them 
from the building or disable them.  

Replace the leaking control valve for heat in AHU-4 (up at ceiling level) in 
Building 1856. 

Replace or repair the faulty safety relief valve in Building 1856. 

Savings 

We estimate the total savings from the above proposed measures to be around 
600 MMBtu annually (based on the FEDS results regarding building energy use), 
or $4,800 in energy savings. 

Investment 

Building 1160: $3,000 

Building 1856: $6,000 

Building 1829: $3,000 
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Payback 

The resulting payback is 2.5 years. 

3.1.18. ECM HVAC-18: Enable Economizer Operation for Cooling 

Existing Conditions/Problems 

Most of the chillers were not operating during the assessment week since outside 
temperatures were in the 50’s and 60’s.  However, in the Railway Warehouse 
(Building 330), ORTC (Buildings 9471 – 9474), and dining facility (Building 
1444), and CCTT (Building 2135),  the chillers were running.  See photo below. 

 

Figure 3.1.22-1 Dining Facility 1444 - Chillers 

These buildings also had their individual boilers running or were receiving heat 
from the central energy plant. Therefore, certain buildings were simultaneously 
heated and cooled.  Additionally, the chillers were operating to provide cooling 
although the outdoor air temperature was only 50°F to 55°F.  Outdoor air could 
be mixed with return air to get the desired air temperature.  

Some of the reasons for this situation to occur are: 1) The set points for enabling 
chiller operations are set too low and the boiler disabling temperature set points 
are too high (or never disabling, similar to  the ORTC boilers);2) The possibility 
of using 100% OA (economizing) before the chillers are started is not 
programmed into the EMCS;  3) The dampers do not operate correctly; and 4) 
The different set points for discharge air (DA) in the VAV systems, where the DA 
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set point is normally, is not changed over for the different seasons. Therefore, 
these systems call for cooling during a large portion of the year; the chiller 
operation is enabled and will demand cooling. Finally, in the case of the dining 
facility, building 1444, facility managers noted that the AHUs simply were not 
properly designed for economizing to be used to its full potential. That problem 
has a proposed solution in another HVAC ECM. 

Solution 

Check all the AHUs in the above-mentioned buildings and others where suspicion 
might occur that economizing is not fully utilized, preferably as a part of a general 
re-commissioning of building controls and HVAC systems, with respect to: 

A) Damper function and operational sequences to allow maximum use of both 
free cooling and free heating. 

B) Controls and their programming so that the sequences are right, i.e. free 
cooling utilized to its maximum before any chiller is allowed to start. 

Adjust set points so that AHUs supplying the same spaces work towards the same 
space temperature, thus avoiding simultaneous heating and cooling. 

Savings 

Assume that two large AHUs, at 20,000 m3/hr each, run without the economizer 
operation working, thus unnecessarily forcing the chiller to run to cool RA from 
72°F (22°C) to 59°F (15°C) during October – May, 8 months, when free cooling 
could have been utilized instead. Also, assume COP of chillers to be 3.0. 
 
 Total air flow per second is calculated as follows: 
 
20,000 m3/h = 5.6 m3/s.  Two units provide a total airflow of 11.2 m3/s (23,732 
cfm) 
 

Energy used for cooling: 

11.2 m3/s x 1.2 kJ/kg, oC x 7oC x 8 months x 30 days x 24 hrs /3.0 = 180,600 kWh 
= $9,600/yr 

These savings would be typical for each of the four ORTC buildings and for 
Building 330, with one chiller per building. 
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Savings by adjusting set points.  See ECM CNTR-1. 

Depending on the number of AHUs where this problem is encountered, one could 
extrapolate both costs and associated savings. 

Investment 

No capital investments are needed except in the case of possible damper 
replacements. Re-commissioning would cost approximately $2,000 per 10,000 
sq. ft. 

Payback 

The resulting payback is 0.2 years. 

3.1.19. ECM LI-1A/B: Replace Degraded Metal Halide Lights with High 
Output T5’s or T8’s 

Existing Conditions/Problems 

There are many buildings at Fort Carson that are currently using HID metal 
halide fixtures.  Metal halide fixtures are less efficient than high output T5’s or 
T8’s.  The lumen output of metal halide lamps degrades significantly over time.  

The following table shows anticipated power and lumen outputs for various metal 
halide lamps and F54T5HO lamps: 

Table 3.1.24-A Power/Lumen outputs for Metal Halide & F54T5HO Lamps 

Lamp Type Lamp 
Watts 

Lamps per 
Fixture 

Input 
Watts 

Average 
Lumens 

Lumens per 
Watt 

Metal Halide 250 1 294 13800 46.9 

Metal Halide 400 1 465 24120 51.9 

F54T5HO 54 4 236 17600 74.6 

F54T5HO 54 6 358 26400 73.7 

F32T8 32 6 218 18575 85 

Below are examples of selected buildings where efficiency and performance gains 
can be achieved by replacing metal halide lights:   

1982 and 2692 (Motor Pools), 2135 (CCTT), 1856 and1160 (Fitness Centers), 
1829 (Special Events Center), 9620 (Hangar), 1444 (Dining Facility). 
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Figure 3.1.24-1 Motor Pool 2692 – High-Bay Metal Halide Lights 

Solution 

Replace the existing 250W metal halide fixtures with new 6-lamp high-lumen 
F32T8 fixtures.  

Replace the existing 400W metal halide fixtures with new 6-lamp high output T5 
fixtures.  

Savings 

The savings are illustrated using the CCTT (Building 2135) and a Motor Pool 
(Building 2692) as examples.  

Building 2135:  There are 72 existing 250 W metal halide fixtures.  It is assumed 
the building is occupied 5 days per week for approximately 12 hours per day.  

Base line energy use:  (72 x 294 W) x 12 hrs/day x 5 days x 52 weeks = 66,044 
kWh/year, worth $3,500/yr. 

New energy use:  (72 x 218 W) x 12 hrs/day x 5 days x 52 weeks / 1000 = 48,972 
kWh/year, worth $2,595/yr. 

Net savings: $3,500 - $2,595 = $905/yr. 

Building 2692:  There are approximately 60 existing 400 W metal halide fixtures.  
It is assumed the building is occupied 5 days per week for approximately 16 hours 
per day.  

Base line energy use:  (60 x 465 W) x 16 hrs/day x 5 days x 52 weeks = 116,064 
kWh/year, worth $6,151/yr. 
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New energy use:  (60 x 358 W) x 16 hrs/day x 5 days x 52 weeks = 89,357 
kWh/year, worth $4,736/yr. 

Net savings: $6,151 - $4,736 = $1,415/yr. 

Investment 

2135: Replace 72 each 250 W metal halide fixtures at existing locations at a cost 
of $150 per fixture, $10,800. 

2692:  Replace 60 each 400 W metal halide fixtures at existing locations at an 
estimated cost of $200 per fixture, $12,000. 

Payback 

2135:  $10,800 / $905/yr = 12 years. 

2692:  $12,000 / $1,415/yr = 8.5 years. 

3.1.20. ECM LI-2 (A-J): Lighting Control 

Existing Conditions/Problems 

There are many spaces within buildings at Fort Carson that are using energy for 
lighting when there is adequate daylight or when the space is unoccupied.  The 
following conditions were observed: 

The maintenance bays of the Motor Pool buildings 1982 and 2692 often receive 
adequate daylight, especially when the doors are open, but the lights remain on 
all of the time. 

The administration areas of the Motor Pool buildings 1982 and 2692 are often 
not occupied with lights on. 

Building 1550 (DOIM) has restrooms and conference rooms that are often not 
occupied with lights on. 

The print shop area of the building 1550 (DOIM) has potential for day-lighting 
and is often not fully occupied. 

In building 2135 (CCTT) the administration areas, lobby, and restrooms are often 
not occupied with lights on. 
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The Fitness Center buildings 1160 and 1856, as well as the Special Events Center 
building 1829, have rooms that are often unoccupied with lights on. 

Solution 

Install light sensors that turn off the lights when light levels are adequate, or 
install timers that do not allow these lights to be on continuously.  Note that 
lighting controls based on light levels are more practical with fluorescent lights 
than with HID lighting.  Lighting control could be upgraded in conjunction with 
replacing HID fixtures with T5HO fixtures. 

Install occupancy sensors in offices, conference rooms, restrooms, and other 
spaces that are not continuously occupied. 

Savings 

Motor Pools Maintenance Bays (1982 & 2692) 

- Estimate of average hours of daily operation when daylight is adequate:  8 hr 

- Annual hours of operation with good daylight:  8hr x 5 day x 40 weeks = 1600 
hrs 

- Lighting load = 60 lights x 465 W /1000 = 27.9 kW 

- Estimate of potential energy reduction by adding daylight control:  90% 

- Estimate annual energy reduction:  27.9 kW x 1600 hrs = 44,640 kWh 

- Estimate of annual savings:  44,640 kWh x $0.053/kWh = $2366 

Motor Pool admin areas (1982 & 2692) 

- Estimate of lighting load in admin areas:  8kW 

- Estimate of max energy for lighting admin areas:  8kW x 12hr x 5day x 52weeks 
= 24,960 kWh 

- Estimate of potential energy reduction by adding occupancy sensors:  30% 

- Estimate of annual savings:  30% x 24,960kWh x $0.053/kWh = $397 
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Savings for the areas observed are estimated as shown in the following table: 

Table 3.1.25-A ECM LI2C-L Lighting Control Savings 

Building Type of Control kW hrs/day Days/yr % reduction kWh Saved $ Saved
1982 Maint. Bays Daylight/timer shutoff 27.9 8 200 100% 44640 2,366$       
2692 Maint. Bays Daylight/timer shutoff 27.9 8 200 100% 44640 2,366$       
1982 Admin Occ. Sensor 8 12 260 30% 7488 397$          
2692 Admin Occ. Sensor 10 12 260 30% 9360 496$          
1550 Admin Occ. Sensor 8 12 260 30% 7488 397$          
1550 Printshop Daylight/Occ. 5 12 260 30% 4680 248$          
2135 Admin Occ. Sensor 6 12 260 30% 5616 298$          
1160 Occ. Sensor 5 12 260 30% 4680 248$          
1856 Occ. Sensor 5 12 260 30% 4680 248$          
1829 Occ. Sensor 5 12 260 30% 4680 248$           

Investment 

Costs to add day-lighting controls and/or timers, and occupancy sensors are 
estimated as shown in the following table:  

Table 3.1.25-B ECM LI2C-L Lighting Control Investment 

Building Type of Control Est. of Cost
1982 Maint. Bays Daylight/timer shutoff 8,000$          
2692 Maint. Bays Daylight/timer shutoff 8,000$          
1982 Admin Occ. Sensors 600$             
2692 Admin Occ. Sensors 600$             
1550 Admin Occ. Sensors 600$             
1550 Printshop Daylight/Occ. 1,000$          
2135 Admin Occ. Sensors 600$             
1160 Occ. Sensors 600$             
1856 Occ. Sensors 600$             
1829 Occ. Sensors 600$              

Payback 

Based on the energy and investment assumptions detailed above, the following 
table shows the resulting payback: 
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Table 3.1.25-C ECM LI2C-L Lighting Control Payback 

Building Payback
1982 Maint. Bays 3.4 years
2692 Maint. Bays 3.4 years
1982 Admin 1.5 years
2692 Admin 1.2 years
1550 Admin 1.5 years
1550 Printshop 4.0 years
2135 Admin 2.0 years
1160 2.4 years
1856 2.4 years
1829 2.4 years  

3.1.21. ECM LI-5: On Failure, Replace T8 Ballasts with Premium Grade T8 
Ballasts and High Lumen Lamps 

Existing Conditions/Problems 

Many existing fixtures on the Post use F32T8 lamps.  Greater efficiency is 
achievable by using high efficiency electronic ballasts and high-lumen lamps. 

Table 3.1.28-A ECM LI-5 Ballast Comparison 

Lamp & Ballast Type Lamp 

Watts 

Lamps per Fixture Input Watts Average Lumens Lumens per Watt 

Standard F32T8 Generic Elec. 

Ballast 
32 4 114 9117 80 

High-Lumen F32T8 Extra efficient 

Ballast w/ .77BF 
32 4 96 9086 95 

Solution 

Upon failure of current ballasts, replace with high-efficiency electronic ballasts 
and high-lumen lamps. 

Re-lamp and re-ballast existing fixtures. 

Savings 

8hr x 5 day x 52 weeks = 2080 hrs 

Baseline energy per fixture:  

0.114 kW x 2,080 hrs = 237 kWh/year, worth $12.57/yr. 
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New energy per fixture: 

0.096 kW x 2,080 hrs = 200 kWh/year, worth $10.58/yr. 

Savings = $1.98/yr per fixture. 

Investment 

High Efficiency ballast and lights may cost $6 more per fixture.  

Payback 

The resulting payback is 3 years. 

Note: Plan on re-lamping all fixtures near the end of the anticipated life of the 
existing ballasts, 12 to 15 years. 

3.1.22. ECM LI-8A, B: Light Sensors for Spaces with Natural Light 

Existing Conditions/Problems 

There are spaces within buildings at Fort Carson that receive through skylights 
and/or windows. Despite that, the lights inside the building remain ON. The use 
of artificial lights inside during these periods of the day does not make it any 
brighter inside than the daylight does. Therefore, this is only a waste of energy. 
During the heating season, it is also more expensive to heat the space by turning 
on the lights than it is to use heat from the central heating system. During the 
cooling season the use of lights unnecessarily increase the energy used for cooling 
if cooling is available; otherwise, the lights contribute to space temperatures 
higher than desired. 

Examples of buildings visited where lights were on unnecessarily include 
Buildings 330, Gyms, 9604, 9620 (Hangars), 1444 (Dining facility).  It is also 
assumed there are other buildings with this condition, not just the ones visited. 
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Figure 3.1.31-1 Hangar 9604 - Lights On and Door Open 

 
Figure 3.1.31-2 DFAC 1444 - Good Daylight Levels and Lights On 

Solution 

Install light sensors that switch sets of interior, artificial lights OFF when the 
light levels are high enough, for example above 300 Lux (28 foot-candles). Also, 
at the same time, install timers that do not allow these lights to activate at night. 

Savings 

The savings are illustrated for the DFAC, Bldg 1444 and the Hangar, Bldg 9604.  



EEAP Report - Fort Carson, CO  44 

 

Building 1444:  Along the walls are 48 fixtures with 60 W incandescent bulbs and 
24 sconces with 40 W bulbs. There are also 20 wall fixtures with metal halide 
lights; we assume that these are 150 W each. During normal days, these lights will 
not need to be ON, other than at periods when the daylight is reduced due to 
clouds, rain etc. On normal days, it will probably be possible to reduce the 
operating hours for these lights by 8 hours per day, 5 days per week. Note that 
the lights probably also are ON even when no serving takes place. 

Energy savings: (48 x 60 W + 24 x 40 W + 20 x 150 W) x 8 hrs/day x 5 days x 52 
weeks = 14,200 kWh/year, worth $750/year. 

Savings occur at daytime, when the demand charge is applicable. The demand 
charge savings can then be added to the energy savings (close to 7 kW). 

Building 9604:  In the ceiling, there are at least 88 fixtures with 400 W metal 
halide lights. During normal days during the spring, summer and autumn when 
hangar doors are left open, we assume that 50% of these lights will not need to be 
ON, other than at periods when the daylight is reduced due to clouds, rain etc. On 
normal days, it will probably be possible to reduce the operating hours for these 
lights by 8 hours per day, 5 days per week, and 15 weeks per year.  

Energy savings: (0.5 x 88 x 400 W) x 8 hrs/day x 5 days x 15 weeks = 10,600 
kWh/year, worth $560/year. 

Savings also here occur at daytime, when the demand charge is applicable. The 
demand charge savings can then be added to the energy savings (more than 17 
kW). 

It may not be a good idea to use light sensors directly for metal halide lights.  
They take a long time to regenerate after being turned off, and turning on and off 
uses more power and reduces the life of the bulb. Therefore, the solution with 
metal halide lights might have to be more sophisticated by using a control unit 
that controls that the lights, once switched off, stay off for at least half an hour 
every time. This might affect the light levels if some clouds come by, leading to 
poorer working conditions. 

For the other buildings mentioned above the annual savings can be calculated in 
a similar way, knowing installed lighting power and estimated hours of daylight 
per day. 
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Investment 

Building 1444: Light sensor plus timer, installed, functionality checked: $500 

Building 9604: As above but might also need some re-wiring of lights, depending 
on how the fixtures are grouped today. A control unit for metal halide control also 
increases the total investment. Estimated total cost: $4,000 

Payback 

Building 1444:  The resulting payback is within 0.7 years. 

Building 9604:  The resulting payback is within 7.1 years. 

3.2. ECM GROUP 2 – Moderate Cost ECMs 

The ECMs represent 16 specific actions that are straightforward in nature.  These 
items require moderate level of capital funds to implement, but could readily be 
implemented through traditional contracting vehicles by the installation. For an 
estimated capital cost of $1,062,600, these actions can reduce annual energy 
consumption by as much as 1,408 MWhe/yr and 36,199 MMBtu/yr in thermal 
savings (mostly natural gas), resulting in savings of $530,265/yr when including 
$165,800/yr in maintenance savings and $279 in water savings. 

The savings that would result from implementation of this package as an energy 
project are very attractive. Because of the relatively small size and marginal 
complexity, Design-Build, Design-Bid-Build, or Job Order Contacts should be 
utilized if funds can be obtained via ECIP, central IMCOM Funding or the 
installation’s existing Operations and Maintenance Army (OMA) budget. 

Table 3.2-A below summarizes the data gathered from each ECM. 
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Table 3.2-A. Summary of Moderate Investment, SME ECMs 

ECM Description Water 
Savings Electricity Savings Thermal Savings Maint. 

Savings 
Total 

Savings Investment Simple 
Payback ECM  

 $/Yr MMBtu 
/Yr kWh/yr $/Yr MMBtu 

/Yr $/Yr $/Yr $/Yr ($) (yrs) 

BE-3 Install a Drop-Down Ceiling in the Main Training 
Area  0 181 53,118 $2,815 11,063 $88,500 0 $91,315 $132,000 1.4 

BE-8 Install High-Speed doors at loading docks. 0 0 0 0 2,664 $21,312 0 $21,312 $91,000 4.3 

CEP-2 Provide additional Steam capacity for Mess Halls 
with Direct fired on-demand temperature boost. $279 0 0 0 3,063 $24,504 0 $24,783 $35,200 1.4 

CEP-4 Replace DC Motor on recirculation pump with AC 
Motor and add VFD. 0 913 267,424 $14,173 0 0 0 $14,173 $56,250 4.0 

CEP-5 Add VFD to AC Motor on  one of the Recirculation 
Pumps 0 811 237,656 $12,596 0 0 0 $12,596 $37,500 3.0 

CEP-6 Install VFD on the Combustion Air Fan Motor and 
Control from existing continuous O2 0 367 107,547 $5,700 4,275 $34,200 0 $39,900 $45,750 1.1 

CEP-7 Insulate above-ground HW and Steam Piping 0 0 0 0 1,950 $15,600 0 $15,600 $24,000 1.5 

DIN-1 Modify Kitchen Exhaust Hoods for Demand 
Control (Per Hood) 0 260 76,285 $4,043 1,183 $9,461 0 $13,504 $30,000 2.2 

HVAC-5 Install VFDs on Hot Water Pumps and Modify 3-
Way Valves 0 278 81,465 $4,318 0 0 0 $4,318 $30,000 6.9 

HVAC-6 Install VFDs on Hot Water Pumps and Modify 3-
Way Valves 0 397 116,222 $6,160 0 0 0 $6,160 $48,500 7.9 

HVAC-13 Alter Heat Supply 0 0 0 0 2,500 $20,000 $76,000 $96,000 $100,000 1.0 

HVAC-14 Duct Forced Air to the Floor 0 0 0 0 600 $4,800 0 $4,800 $38,400 8.0 

HVAC-15 Upgrade and Re-Commission Heating and 
Ventilating Units 0 0 0 0 0 0 $80,000 $80,000 $162,000 2.0 

HVAC-16 Reduce Air Exchanges and AHU Operational 
Hours 0 440 129,000 $6,837 8,900 $71,200 0 $78,037 $55,000 0.7 

HVAC-17 Install Separate AHU for Body Scanning and 
Surrounding Space 0 0 0 0 0 0 0 0 $25,000 N/A 

LI-7A Solar Tubes 0 1,157 339,000 $17,967 0 0 $9,800 $27,767 $152,000 5.5 

Totals  $$279 4,804 1,407,717 $74,609 36,198 $289,577 $165,800 $530,265 $1,062,600 2.00 
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3.2.1. ECM BE-3: Install Drop-Down Ceiling in Main Training Area, CCTT 
Building 2135 

Existing Conditions/Problems 

The total area of the CCTT building is 48,180 sq. ft.  Assuming that the main 
training area occupies approximately 75% of the building, the training area is 
approximately 36,200 sq. ft.   The main training area is about 40 ft high.  At 
present, cooling air being supplied to the training area can rise to the upper 
elevations of the building and is wasted.   

 
Figure 3.3.1-1 CCTT Building 2135 

Solution 

Install a 5/8” acoustical fiberglass board ceiling to approximately 12 feet from the 
floor or about a foot higher than the simulator modules.  The modification will 
decrease the required airflow rate to the main training area and therefore reduce 
energy required to cool and heat the space.  If modified, there would be better 
control of the space temperature. 

Note:  A structural analysis of the building is required before any modification to 
the structure is made including the addition of a drop-down ceiling.    

Savings 

If the ECM to directly supply air to the simulators is implemented, the total air 
supply to the main training area 75,475 CFM.  Installing the ceiling at 12 feet 
above the floor will reduce the volume of the main training area by approximately 
70%. 
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Cooling cost savings: 

75,475 cfm x 457 CDD x 1.1 A.F. x 24 hr/day x 70% = 637.4 MMBtu/yr. 

637.4 MMBtu / 12,000 Btu/ton = 53,118 tons.   

53,118 x 1 kW/ton = 53,118 kWh. 

53,118 kWh/yr x $0.053/kWh = $2,815/yr. 

Heating cost savings: 

75,475 cfm x 6345 HDD x 1.1 A.F. x 24 hr/day x 70% = 8,850 MMBtu/yr.  

The output from the gas-fired boilers is assumed to be equal to the heating load 
of 8,850 MMBtu/yr.  Assuming a combustion efficiency of 80%, the heating input 
is (8,850/80%) x $8.00/MMBtu = $88,500/yr. 

Investment 

The estimated cost for the Structural Analysis of the building is estimated to be 
$12,000. The total estimated cost to install 5/8” fiberglass ceiling board is 
$120,000. The total investment is estimated to be $132,000. 

Payback 

The resulting payback is 1.4 years. 

3.2.2. ECM BE-8: Install High Speed Doors at Loading Docks, Warehouse 
Building 330 

Existing Conditions/Problems 

The doors at the warehouse loading docks are slow, very slow. This means that 
when the doors are open the heat losses are substantial. There are at least 7 doors 
in the building that are potential candidates for this ECM. 

Solution 

Install high-speed doors, for the most frequently used doors.  
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Savings 

High-speed cargo doors can save huge amounts of heating energy depending on 
how often and how long the doors are open. The potential savings are shown by 
an example of savings from another US Army installation (Rock Island Arsenal, 
RIA): 

The savings depend on the frequency of the opening and closing cycles of a door. 
A 12-foot-by-12-foot door, open 10 min/hour, requires an estimated 580 
MMBtu/yr to make up the heat loss in a heated warehouse. Utilizing natural gas 
heating with 80% combustion efficiency, one door requires 725 MMBtu/yr.  All 
seven doors require 5,075 MMBtu/yr of natural gas. 

Rock Island has a slightly colder climate with 6,474 HDD compared to the 6,345 
HDD of Colorado Springs. This data justifies the comparison to Rock Island. 

The assumption of energy savings is base on the fact that the proposed door 
opens and closes quickly. The door opening and closing speed makes practical a 
standard operating procedure that requires the user to open the door just before 
product is moved through the door and close the door immediately after product 
movement is safely completed. 

Baseline energy use is calculated here with a door diversity factor of 0.75 
meaning that all 7 doors are used at 75% of the calculated capacity of 10 min/hr 
making the baseline energy usage 5,075 MMBtu/yr x 0.75 = 3,806 MMBtu/yr. 

High-speed doors will be assumed to require 3 min/hr rather than 10 min/hr, 
reducing the energy use to 30% of the original.  An energy savings 0f 70%equates 
to 2,664 MMBtu/yr saved.  The cost savings at Colorado Springs is then 
$21,314/yr. 

Investments 

A 12-feet-by-12-feet high-speed door costs approximately $13,000 installed. 
Investment for 7 doors would be $91,000. 

Payback 

The resulting payback is 4.3 years. 
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3.2.3. ECM CEP-2: Provide Additional Steam Capability for Mess Halls with 
Direct-fired On-demand Temperature Boost, Central Energy Plant 
Building 1860 

Existing Conditions/Problems 

Additional optimization of the HW loop temperature (reference ECM CEP#1) is 
possible at even lower loop temperature and system losses. For HW end-users 
that require high temperature HW such as the Dining Facilities and laundries 
which use HW to make low-pressure steam, it is recommended four small direct-
fired HW heater units be installed to boost the HW to produce flash steam and 
operate on demand as needed. 

Solution 

Install small HW booster heaters for Dining Facility steam production to further 
optimization of the HW loop temperature (reference ECM CEP#1) at even lower 
return temperature, further reducing system losses. 

Savings 

Data used for economics: 

The fixed system losses through thousands of yards of underground piping with 
insulation losses are estimated to be 5MM Btu/hr. 

The HW supply temperature is controlled at a constant 355°F and outside 
insulation temperature is 60°F. 

The HW return temperature should be adjusted to lower levels based on daily 
and seasonal heating requirements and Installation occupancy levels. The 
recommended changes from the past practice of constant HW supply 
temperature (355°F) all year long to allowing the HW supply to "float" based on a 
conservative, HW return temperature (230°F) is best illustrated below. 
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Table 3.2.2-A Existing control based on constant supply temperature of 355°F. 

Season HW Supply* HW Return Delta T Avg. HW loop temp 
Summer 355 290 65 322 
Fall 355 260 95 307 
Winter 355 239 116 297 
Spring 355 260 95 307 
Annual Avg. 355 262 93 308 
*profile per central plant contractor. 

 

Table 3.2.2-B Proposed control based on constant return and floating supply 
temperature. 

Season HW Supply HW Return DeltaT Avg. HW loop temp 
Summer 295 230 65 262 
Fall 325 230 95 277 
Winter 355 230 125 292 
Spring 325 230 95 277 
Annual Avg. 325 230 95 277 
Note the annual average loop temp. Falls from 308°F to 277°F or is 31°F lower. 

 

The pressure due to the lower temperature setting will be reduced by 
approximately 40 psi, from 280 psig (295 psia) to 240 psig (255 psia) for 
proportionally lower leak rates. 

The system leak rate (make-up) is assumed to be 5,000 gpd. The leak rate has 
been as high as 15,000 gpd in the past. 

Fuel cost (natural gas) for the 1860 CEP is $8.00/MMBtu. 

Savings Calculations 

Reduced insulation losses:  
[(308°F – 60°F) - (277°F – 60°F)] / (308°F – 60°F) = 12.5% savings 
5MMBtu/hr x 8700/2 hr/yr x $8.00/MMBtu x 12.5% = $21.7k/yr 

Reduced fuel cost from heat in HW leaks: 
(255 psia / 295 psia) = 13.5% x 50% for no cost step 1 (14.5°F delta T) x 5,000 gpd 
x 8.33 lb/gal x 365 d/yr x 277°F x 1 Btu/lb °F x $8.00/1,000,000Btu = $2.8k/yr 
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Reduced water cost from leaks  
(255 psia / 295 psia) = 13.5% x 50% step1 x 5 kgal/day x 365 days/yr x $1.64/kgal 
= $200/yr 

Total savings =  $21.7k + $2.8k + $0.2k = $24.7 k/yr 

Investment 

Total installed cost for four small, direct-fired HW heater units (NG or LP) to 
boost the HW to produce flash steam is $8,800 per unit. 

Total Installed Cost = 4 booster heaters x $8,800 each = $35,200. 

Payback 

The resulting payback period is 1.4 years. 

3.2.4. ECM CEP-4: Replace DC Motor on Recirculation Pump with AC Motor 
and Add VFD, Central Energy Plant Building 1860 

Existing Conditions/Problems 

One of the existing HW re-circulation pumps has an old, inefficient and 
unreliable, variable-speed DC motor. The pump is throttled or allowed to by-pass 
the HW loop at the heating plant to control flow throughout the large daily and 
seasonal load swings. This wastes a significant amount of electrical pump motor 
energy. 

Solution 

Install a VFD and a new 75 hp AC motor to replace the DC HWG re-circulation 
pump to provide the capability of efficiently matching HW flow to the customer's 
demand on an "as needed" basis. 

Savings 

Data used for economics 

Existing HW recirculation pump motor for the HWG is a 75 hp DC motor, 90% 
loaded and 80% efficient. 

Average annual flow rate load variation is 80%±15%. 
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Operating hours are 8700 hrs/yr. 

Electricity cost is $0.053/kWh, including demand. 

Savings = 1 x 75 hp x 0.746 kW/hp x (90% loaded/80% efficient) x 8700 hr/yr x 
$0.053/kWh x (1-.83) = 548,000 kWh/yr x $0.053/kWh x 48.8% saved = 
$14,200/yr 

Investment 

Installed VFD cost = 1 x 75 hp x $500/hp = $37,500. 

Installed AC motor cost = 1 x 75 x $250/hp = $18,750. 

Total installed cost = $56,250. 

Payback 

The resulting payback is 4 years. 

3.2.5. ECM CEP-5: Add VFD to AC Motor on one of the Recirculation Pumps, 
Central Energy Plant Building 1860 

Existing Conditions/Problems 

The existing HW recirculation pumps are throttled or allowed to by-pass their 
loop at the heating plant to control flow throughout the large daily and seasonal 
load swings. This wastes a significant amount of electrical pump motor energy.   

Solution 

Install a VFD on 75 hp HWG recirculation pump to provide the capability of effi-
ciently matching HW flow to the customer's demand on an "as needed" basis. 

Savings 

Data used for economics 

Existing HW recirculation pump for the HWG is 75 hp, 90% loaded and 90% 
efficient. 

Average annual flow rate load variation is 80%±15%. 
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Operating hours are 8700 hrs/yr. 

Electricity cost is $0.053/kWh, including demand. 

Savings = 1 x 75 hp x 0.746 kW/hp x (90% loaded/90% efficient) x 8700 hr/yr x 
$0.053/kWh x (1-.83)= 487,000 kWh/yr x $0.053/kWh x 48.8% saved = 
$12,600/yr 

Investment 

Installed cost = 1 x 75 hp x $500/hp = $37,500. 

Payback 

The resulting payback is 3 years. 

3.2.6. ECM CEP-6: Install VFD on the Combustion Air Fan Motor and Control 
from Existing Continuous O2, Central Energy Plant Building 1860 

Existing Conditions/Problems 

CEP Building 1860 provides high temperature HW at 355°F to approximately 70 
motor pools, 100 barracks, four mess halls and many other community and 
support buildings. There are two 40 MMBtu/hr HW generators that consumed 
$1,200 k/yr of NG in 2002. The thermal load profile during the week and seasons 
varies widely from 5 to 30+ MMBtu/hr based on the hourly demand for troop 
showers and mess hall operations, the seasonal level of soldier occupancy on Post 
and especially building heat based on ambient temperature. 

Solution 

Install a variable frequency drive on the combustion air fan for the HW generator 
to provide the capability to efficiently follow the wide swing in daily hot water 
loads. The control of the variable frequency drive (VFD) on this primary, lead 
unit, by O2 will significantly reduce fan motor load throughout the wide daily load 
variations and increase the average boiler efficiency at lower O2 levels due to the 
improved response and precision of the VFD. 

Savings 

Data used for economics 

HW generator average load is approx. 18.3 MMBtu/hr throughout the year. 
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Total fuel consumption was $1,200,000/yr in 2002.  Current fuel costs for the 
same consumption are estimated to be 1,900,000/yr. 

Typical daily load swings are 18.3 MMBtu/hr ± 10 MMBtu/hr. 

The existing 30 hp combustion air fans are controlled by inlet dampers with 
average motor loads of 80%. 

The typical annual excess O2 in the flue gas at the widely varying loads are 5.5 ± 2 
percent with corresponding boiler combustion efficiencies of 75 ± 5 percent. 

The more responsive VFD fan speed control should reduce excess O2 to 3.5 ± 2 
percent to improve boiler efficiency by 1.5% from 75.0% to 76.5%. 

VFD motor load savings: 

1 x 30 hp x 0.746 kW/hp x (80% loaded/88% efficient) x 8000 hr/yr x 
$0.053/kWh x (1 - 0.73) = $5,700/yr. 

O2 with auto trim efficiency savings: 

$1,900k/yr x (+1.5% efficiency / 75%) x 90% run time = $34,200/yr. 

Total savings = $5,700/yr (electrical savings) + $34,200/yr (fuel) = $39,900/yr. 

Investment 

Total Cost = 30 hp x $625/hp = $18,750. 

Upgrade the excess O2 in-stack sensor with controller to trim air by VFD = 
$27,000 installed. 

Total installed cost = 1 + 2 = $18,750 + $27,000 = $45,750. 

Payback 

The resulting payback is 1.1 years. 
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3.2.7. ECM CEP-7: Insulate Above-ground HW and Steam Piping, Central 
Energy Plant Building 1860 

Existing Conditions/Problems 

It is common that, while steam and HW pipes are generally insulated, a number 
of steam and hot water valve bodies, flanges, and fittings are left uninsulated with 
temperature range of 160°F (HW) to 340°F (Steam). 

Solution 

Install soft cover, snap-on insulation covers on all bare valve bodies and associate 
fittings that are greater or equal to 160°F. 

Savings 

Data used for economics 

It is estimated that there are approximately 80 uninsulated hot valve bodies and 
fittings with an average temperature of 250°F. 

Un-insulated 2-in. valve at 250°F loses 3000 Btu/hr. 

The covers reduce 70% of the heat loss. 

Fuel is $8.00/MMBtu. 

Average boiler efficiency is 65%. 

Heat loss is over 8700 hrs /yr. 

70% of heat loss is eliminated with covers. 

Savings Calculation 

80 valves x 3000 Btu/hr x 70% reduction x 8700 hrs/yr x $8.00/MMBtu / 75% 
efficiency (HW generation) = $15,600/yr. 

Investment 

Total Cost = 80 valve covers at $300/cover = $24,000. 
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Payback 

The resulting payback is 1.5 years. 

3.2.8. ECM DIN-1: Modify Kitchen Exhaust Hoods for Demand Control, 
Dining Facility (DFAC), Building 1444 

Existing Conditions/Problems 

The DFAC, building 1444, is 6 years old. It has the capacity to serve 1,200 soldiers 
in 1.5 hours. It is operated 7 days a week, normally between 04:30 – 20:00 plus 
some nights, starting at midnight. 

The kitchen has several hoods, both in the preparation area and in the serving 
areas. These exhaust hoods are operated ON/OFF manually by the personnel. 
This may lead to long operating hours for the hoods, with excessive energy use as 
a result. During the energy assessment, at 1:30 pm, most of the hoods were on, 
both in the kitchen and in the serving areas although no serving and no cooking 
was taking place. 

Solution 

Install an Exhaust Fan Controller System, which has the capability to sensor 
when there is an activity occurring below the hood that demands the hood to 
operate. The sensors are both optical and temperature sensitive.  See figure 
below. 

Exhaust Fan Controller System

Air Purge Unit

Optic 
Sensors

Keypad

Temperature 
Sensor I/O 

Processor
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Figure 3.2.7-1 ECM DIN-1 Exhaust Fan Controller System 

The exhaust fan must be equipped with a VFD to enable a variable exhaust flow, 
in addition to the sensors and the control system. In addition, the 2 make-up air 
units on the roof must be equipped with VFDs if they do not already exist (Note: 
From a printout of the EMCS settings in bldg. 1444, it can be seen that AHU-1 has 
a VFD). For further information on this control system, see: 

www.melinkcorp.com/LEEDIHApplicationsGuide.pdf  

Savings 

The savings must be calculated after a more detailed study is done, to log 
operating hours of the hoods compared to activities demanding the hoods to run; 
air flows need to be measured or achieved from drawings etc. An example from a 
hotel kitchen is presented to show the potential savings. 

Example
Without Melink Intelli-Hood Controls
   Design Exhaust Ventilation Rate 19,500 cfm
   Exhaust & Makeup Fan Power 14 kW
   Exhaust & Makeup Fan Energy 336 kWh/d

With Melink Intelli-Hood Controls
   Reduced (Average) Exhaust Rate 13,750 cfm
   Reduced (Average) Fan Power 5.3 kW
   Reduced Fan Energy 127 kWh/d

Energy Savings
   Effective Exhaust Reduction 5,750 cfm
   Makeup Air Heating Saving 11,826 therms
   Average Demand Reduction 8.7 kW
   Average Fan Energy Saving 209 kWh/d

Cost Savings
   Fan Energy Savings* $9,910
   Makeup Air Heating Savings* $9,460
   Total Cost Savings with Melink Control $19,370
   Installed Cost of Intelli-Hood Controls $15,000

Payback < 1 year  
    * based on $0.80/therm and $0.13/kWh

Case Study: Mark Hopkins Hotel  

 
Figure 3.2.7-2 ECM DIN-1 Savings Example 

http://www.melinkcorp.com/LEEDIHApplicationsGuide.pdf�
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The savings at Fort Carson will be different from the example above, due to lower 
electricity prices, but also depending on actual number of hoods to control, their 
respective airflows and fan motor sizes. 

Investment 

According to the example above, installed cost would be $15k per hood.   

Payback 

The resulting payback is typically 3 years. 

3.2.9. ECM HVAC-5: Install VFDs on Hot Water Pumps and Modify 3-Way 
Valves, DOIM Building 1550 

Existing Conditions/Problems 

During the inspection, it was noted that some of the hot water pumps serving the 
heating coils were running continuously.  The outside temperature during our 
inspections was 68°F and sunny so there was no need for heating in the areas 
being served by the Air Handling Unit (AHU).   The pumps were continuously 
running supply hot water to the AHU, but since no heat or very little was needed; 
the 3-way valve line-up was bypassing the heating coil.  This is evidenced by the 
hot water being returned to the boiler at 180°F, which is the same or near the set 
point for the boiler supply water temperature.   

Solution 

Install VFDs for the hot water pumps and modify the hot water piping to the 
AHU unit to make the 3-way valves function as 2-way valves by blocking by-pass 
port and remove the by-pass piping and cap the T-fitting at the other end of the 
pipe.   
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    Figure 3.2.9-1      DOIM Building 1550 – Hot Water Pump                        3-Way Valve 

Savings 

Not easily calculated because not sure how often motor runs annually, but here is 
an example: 

A 60 hp supply fan motor runs constantly at full load, 60 Hz instead of being 
modulated by the VFD to run on the average 45 Hz. Note that it is not 
recommended that a motor should be allowed to run below 30 Hz.  Assume that 
the operating hours is 60 hrs per week instead of the normal 24/7 operation.  45 
Hz operation means 25 hp instead of 60 hp. 

Energy savings: (60 – 25 hp) x 0.746 kW/hp x 60 hrs/week x 52 weeks = 81,465 
kWh/yr. At $0.053/kWh the value of using the VFD in this case would be 81,465 
kWh/yr x $0.053/kWh = $4,320/yr. 

Investment 

The VFD for a 60 HP motor is estimated to cost $27,000 installed.  Piping 
modifications for 3 AHUs are estimated to cost $3,000.  Total investment would 
be $30,000. 

Payback 

The resulting payback is 6.9 years. 
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3.2.10. ECM HVAC-6: Install VFDs on Hot Water Pumps and Modify 3-Way 
Valves, CCTT Building 2135 

Existing Conditions/Problems 

The hydronic hot water pumps are constant volume pumps.  During the heating 
season, which lasts from late September to early May, the heating load in the 
building is not constantly present.  A substantial savings can be realized by 
installing VFD to allow the pumps operation to follow the building load more 
closely.    

 

Figure 3.2.10-1 Hydronic Hot Water Pumps 

Solution 

Install VFDs for the hot water pumps and modify the hot water piping to the 
AHU unit to make the 3-way valves function as 2-way valves by blocking by-pass 
port and remove the by-pass piping and cap the T-fitting at the other end of the 
by-pass pipe.    

 

Figure 3.2.10-2 CCTT Building - 3-Way Valve 
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Savings 

Not easily calculated but here is an example: 

A 60 hp supply pump motor runs constantly at full load, 60 Hz instead of being 
modulated by the VFD to run on the average at 45 Hz.  

Similarly, air-handling units being supplied by these pumps have 30 hp supply 
fan motors running at full load, 60 Hz instead of being modulated by a VFD to 
run at a similar average of 45 Hz.  Note that motors are not recommended to run 
below 30 Hz.  Assume that the operating hours is 12 hrs per day instead of the 
normal 24/7 operation.  45 Hz operation means 25 hp instead of 60 hp. 

Energy Savings 

[(60 – 25 hp) + (30-12.65)] x 0.746 kW/hp x 12 hrs/day x 248 days = 116,222 
kWh/year.  At $0.053/kWh the value of using the VFD in this case would be 
116,222 kWh/year x $0.053/kWh = $6,160/yr. 

Investment 

The VFD for a 60 HP motor is estimated to cost $27,000 installed.   The VFD for 
a 30 HP motor is $13,500 installed.  Piping modifications for 8 AHUs are 
estimated to cost $8,000.  Total investment would be $48,500. 

Payback 

The resulting payback is 7.9 years. 

3.2.11. ECM HVAC-13: Alter Heat Supply, Hangar Building 9620 

Existing Conditions/Problems 

Hangar 9620 has severe air comfort problems, which cause bad working 
conditions, both in winter and summer. The reasons are as follows: 

1)  Heat is supplied close to ceiling level high above the occupancy zone and  

2) Heat controls do not work properly, mainly because of the location of 
thermostats and the fact that the heat is supplied at high levels; the upper strata 
is far too hot and the occupancy zone at floor level will never receive the 
necessary heat. 
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Figure 3.2.12-1 Hangar 9620 – Heat Supply Unit 

This leads to very hot working conditions for workers at higher levels (i.e. on top 
of helicopters) and cold working conditions at the floor level. 

During the summer, there is no exhaust of hot air. Exhaust fans exist but are no 
longer operable; they are electrically disconnected on the roof. 

 

Figure 3.2.12-2 Disconnected Exhaust Fan 

An old system for heat recovery from return air is no longer in use; this condition 
is an unintended benefit since the design of that system would cause more heat 
supply close to ceiling level while removing whatever warm air that might reach 
the floor level. 

Solution 

Add ductwork to the three existing space heaters that operate on 100% return air, 
connect the ducts to the existing exhaust ducts. Direct this ducted return air to 
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the floor level and out along the floor. The photo below shows one of the space 
heaters to the left and the exhaust air where the new duct should be connected 
located on the right. 

 

Figure 3.2.12-3 Hangar 9620 – Space Heater 

Block the exhaust air above the old heat recovery coils. Open a new return air 
exhaust in all three vertical ducts just below the ceiling level, to allow air exhaust 
from the hot ceiling during summer. 

Replace all thermostats to locations providing an occupancy zone temperature. 
Adjust set points to 68°F. Check or replace all three steam control valves. Re-
connect the existing exhaust fans; use these for heat exhaust at ceiling level in 
summer; place separate thermostats to control the exhaust fans to start when 
space temperature at occupancy level exceeds 75°F or so. The photo below shows 
the existing exhaust air duct that will now be used as the supply air duct. 
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Figure 3.2.12-4 Hangar 9620 – Exhaust Air Duct 

Disconnect steam from the heat recovery MAU that has not been used for years. 

Savings 

This ECM saves energy by supplying warm air at occupancy level. The heat will 
no longer be supplied at ceiling level to slowly fill up the hangar volume. The 
present operation and the location of the thermostats will probably force the 
space heaters to operate 24/7 since the occupancy zone will never or rarely be 
heated to the set point temperature.  The ECM will also increase the productivity. 
It will change current winter conditions: Workers are now freezing at occupancy 
level while other workers are sweating when working on top of helicopters or 
doing other activities at higher levels. 

The energy savings are estimated to be up to 40% of the 9620 steam boiler’s 
annual gas use, or 0.4 x 6,300,000 cu. ft. = 2,500,000 cu. ft. equivalent to 2,500 
MMBtu annually, worth $20,000. 

For productivity gain, assume 14 people performing 10% of normal capacity 
during 15 days per year when the working conditions are bad.  At $50/hr, the 
productivity gains by improving the working conditions will be:  

14 people x 15 days x 8 hrs x $50 x 0.9 = $76,000/year 

Total savings: $96,000/yr. 
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Investment 

Installed costs are estimated to be: 

Ductwork: $50,000 

New thermostats: $10,000 

New steam control valves (if deemed necessary to replace): $30,000 

Re-connect exhaust fans: $4,000 

Disconnect steam supply to MAU: $6,000 

Total investment is estimated to be $100,000 for all necessary measures.  

Payback 

The resulting payback is 1.1 years. 

3.2.12. ECM HVAC-14: Duct Forced Air to Floor, Fitness Center Buildings 
1160, 1856 and 1829 

Existing Conditions/Problems 

All three buildings 1160, 1856, and 1829 have heating units with fans and the heat 
supply up at the ceiling level. 

 

Figure 3.2.13-1 Fitness Center 1856 – Heating Unit 

This means that it takes a very long time for the heat to reach the occupancy 
zones where the thermostats are located since heat rises. The temperature will be 
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very high at ceiling level long before any significant heat can be noticed at floor 
level. 

Solution 

Duct air from the heating units (4 in each of the buildings) to the floor, preferably 
along the walls, maybe even at corners. Add diffusers that disperse the air along 
the floor level, thus reaching the occupancy zone and affecting the operation of 
the units since thermostats (or new space temperature sensors, see ECM HVAC-
Curt 8) are located in the occupancy zones. 

Savings 

We estimate the savings by this measure to be around 10% of the buildings’ 
respective annual energy use, or 600 MMBtu, worth $4,800 per year. 

Investment 

Investment is roughly estimated at $3,200 per duct, or $38,400. 

Payback 

The resulting payback is 8 years. 

3.2.13. ECM HVAC-15: Upgrade and Re-commission Heating and Ventilating 
Units, Hangar Building 9604 

Existing Conditions/Problems 

The hangar, Building 9604, has natural gas-fired radiant heaters above the 
workspace inside the hangar. Some of these radiant heaters work, others are 
broken. During winters, it often gets cold, especially when the heaters break. The 
hangar doors are either uninsulated or poorly insulated and do not close tightly. 
During days with low outside air temperatures, it can get down to 10°F – 20°F at 
the occupancy zones.  At these conditions, people do not work very well.  Some 
call in sick and don’t show up.  Productivity losses then occur. 

26 people work in the building of which 12 to 14 are in the hangar. Operating 
hours are Mon – Fri 07:30 – 16:00.  In addition, some personnel work on 
Saturdays. 
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The building was constructed in 1957 and had floor heating at that time. 
However, the floor heating system is no longer in use. There also used to be a 
system for supplementary heat, consisting of 6 heating units along the west wall. 

 

Figure 3.2.14-1 Hangar 9604 – Heating Unit 

These systems, which have a fan and a heating coil (steam) draw outside or 
return air, heats it up and then distributes it out along the floor heating the 
occupancy zone. Several years ago, the system was abandoned and deemed to 
expensive to repair. 

Solution 

Renovate the 6 heating and ventilating units along the west wall of the hangar 
(heating coils, control valves, thermostats).  If the proposed renovation of the 
heat distribution is done, it is strongly recommended that the new heating coils 
are hot water coils and that they are connected with 2-way control valves. Move 
the return air (RA) dampers upwards to a position just below the ceiling. Operate 
the units on 100% RA whenever heat is needed. Supply heat at floor level.  
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Figure 3.2.14-2 Hangar 9604 – West Wall Heating Units 

Savings 

The savings comes from productivity gains due to improved indoor temperature 
conditions. Assume 14 people, not performing more than 10% of normal capacity 
during 15 days per year. With total compensation including all expenses of 
$50/hr the savings by reducing this productivity loss is: 

14 people x 15 days x 8 hrs/day x $50/hr x 0.9 = $76,000/year. 

Furthermore, the radiant heaters will last longer when the temperature 
fluctuations are reduced; much of the problems with these probably come from 
poor surrounding conditions and temperature stress. Estimated maintenance 
cost reduction is $4,000/year. 

This ECM will slightly increase the energy use but will highly improve the 
working conditions in the building. 

Investment 

Replace heating coils, thermostats and control valves: $25,000/unit. 

Move the return air damper: $2,000/unit. 

For 6 units, total investment is estimated to be $162,000. 

Payback 

The resulting payback is 2 years. 
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3.2.14. ECM HVAC-16: Reduce Air Exchanges and AHU Operational Hours, 
Warehouse Building 330 

Existing Conditions/Problems 

Building 330 is a warehouse with several office spaces and spaces for soldier 
equipment. The warehouse is quite new; it was occupied in the year 2000. It has 
a ventilation system that is designed for running diesel-driven forklifts inside the 
warehouse. 

Today there are only four diesel forklifts left. The reasons they still are in use is:  

1) The electric battery forklifts don’t perform that well outdoors during cold 
winter days, and  

2) There are some materials that need to be transported to/from the outside. 
These steps are needed even though most goods are delivered on trucks which 
use covered and sealed loading docks. 

The warehouse is in use Mon – Fri 07:30 – 16:00. The makeup air units, or 
heating and ventilating units (HVUs), run Mon – Sat 04:30 – 19:00. When these 
units run, large exhaust fans (EFs), which exhaust warm air from the ceiling level, 
are in operation. 

Operating the HVUs and EFs, because of the fear of diesel fumes, is very energy 
consuming. 

 
Figure 3.2.15-1 Warehouse 330 – HVU-2 (center) and EF-2 (bottom left) 
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Solution 

Run the diesel forklifts outdoors primarily. If required for indoor use, 
recommend using exhaust filters from EHC Teknik AB, see 
http://www.ehcteknik.com/start.htm. They have filters for long or short-term 
use and also for permanent installation. They allow diesel-fuelled vehicles to be 
used indoors with a high percentage removal of particles in the exhaust gases.  

Table 3.2.15-A ECM HVAC-16 Characteristic data 

Application: In workshops and other areas 

To: Building machines, heavy vehicles, industrial plants, forklifts... 

Technical date: 
Separation >95% of 0,4µ particles. Even mutagenic, cancerous and allergy producing substances 

attached to the particle. 

Exhaust Volume, max.: 

EHC HT35 35 m3/min. 

EHC HT20 20 m3/min. 

EHC HT10 10 m3/min 

 

Connection diameter: 

EHC HT35 : 128mm 

EHC HT20 : 100mm 

EHC HT10 : 60mm 

Temperature, max: 250°C 

Filter life: 

EHC HT35 ~ 200 hours  

EHC HT20 ~ 200 hours 

EHC HT10 ~ 100 hours 

The lifetime is dependent on the engine size, engine type, how it is used and engine condition. 

Stop heating 85,000 cfm of outside air (OA) unnecessarily. Run the HVUs on 
100% return air. The infiltration in the building is sufficient for all needs of fresh 
air in the warehouse. The 5 AHUs serving office areas and other areas are not to 
be set to 100% RA unless so determined during re-commissioning. Stop using the 
EFs unless needed to evacuate heat during the summer. Reduce HVU operating 
hrs from 87 to 50 hrs/week. 

Recommended operations: winter, un-occupied: Start HVUs, 100% RA, when 
space temperature. Drops below 60°F, heat to 65°F. Otherwise, switch HVUs off. 

Occupied: Run HVUs, 100% RA, to maintain 68°F 
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Savings 

The airflow of the respective HVU is 10, 16.1, and 13.9 m3/s, totaling 40 m3/s 
(85,000 cfm). The airflow of the respective EF is 8.4, 15.5, and 13.6 m3/s, totaling 
37.5 m3/s (80,000 cfm). HVU fan motors are at a total of 41 kW, EF motors total 
11 kW. 

The calculations below show savings by not heating 40 m3/s during the heating 
season.  6,345 HDD Fahrenheit = 3,525 HDD Celsius.  87 hrs/week (present 
operation) = 52% of the number of hours in a week.  

40 m3/s x 1.2 kJ/kg, oC x 3,525 degree days x 24 hrs x 52% = 2,100 MWh/year 
(7,165 MMBtu). With 80% heating efficiency, the gross energy use will be 7,165 / 
0.8 = 8,900 MMBtu.  At $8.00/MMBtu, this avoided energy use is worth $71,500 
per year. 

Reduction of HVU fan operation hours from 87 hr/week to 50 hr/week saves: 

41 kW x 37 hr/week x 52 weeks = 79,000 kWh annually. 

Reduction of EF fan operation from 87 hr/week to 0 hr/week saves: 

11 kW x 87 hr/week x 52 weeks = 50,000 kWh. 

Total electric energy savings then amount to 129,000 kWh x $0.053/kWh = 
$6,800/year. 

Total savings above is $78,000 per year. 

Investment 

The investments are limited to labor to change damper positions, to switch off 
exhaust fans, etc. The investments regarding permanent exhaust filters for the 4 
diesel forklifts should not exceed $25,000 (confirmed with the filter supplier). 

Total investment is estimated to be $55,000. 

Payback 

The resulting payback is 0.7 years. 



EEAP Report - Fort Carson, CO  73 

 

3.2.15. ECM HVAC-17: Install Separate AHU for Body Scanning and 
Surrounding Space, Warehouse Building 330 

Existing Conditions/Problems 

At the western part of Building 330 is an area with false ceiling. The area contains 
some soldier material storage and an area for body scanning. In the body 
scanning area, soldiers spend a long time awaiting a body scan to determine the 
size of the clothes they will need. An average of 50 soldiers per day is body 
scanned. The entire area is supplied from HVU-3, which also serves the 
warehouse. The area under the false ceiling has very high air velocity, probably 
due to either poor design of the air distribution system (including diffusers) or 
poor balancing of the airflow. Nevertheless, the soldiers are extremely 
uncomfortable when exposed to the high velocity air, sometimes for hours, while 
waiting for their turn. 

 

Figure 3.2.16-1 Warehouse 330 - Ductwork with Balancing Dampers 

Solution 

Install a separate AHU for the area under the false ceiling. Connect this AHU to 
the existing ducts but replace the diffusers. Re-balance the system so that 
airflows according to standard can be maintained but not exceeded. Operate this 
AHU to maintain the space temperature set point, according to Fort Carson 
policy.  Operate only during occupied hours. 
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An alternative solution is to just re-balance the existing system, using existing 
balancing dampers. 

Savings 

There are no energy savings related to this ECM unless it will be possible to 
reduce the total airflow of HVU-3 so that the sum of airflows of the new AHU and 
HVU-3 is lower than present airflow. The ECM will primarily increase the 
comfort of personnel and soldiers. 

Investment 

Investment is estimated to be $25,000, including controls and connection to the 
EMCS. 

Payback 

None. 

3.2.16. ECM LI-7A, B: Solar Tubes 

Existing Conditions/Problems 

There are some buildings with little or no windows to allow for any day lighting. 
This makes electric energy for lighting a major operating cost of these buildings. 
Examples of such buildings are Buildings 330 and 2135. In Building 330, we also 
noticed that the lights are on auto-timers but the timers, see photo below, were 
set to have the lights on between 05:30 – 17:30, 7 days a week (except at the SSA 
area that switches lights off on Fridays). Typical working hours are Mon – Fri 
07:30 – 16:00. 

 
Figure 3.2.17-1 Building 330 – Auto-Timer 
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Solution 

Install solar tubes that direct the daylight into the buildings so that the existing, 
energy-consuming, lights can be switched off when daylight is sufficient. This 
should be the case during the hours that these buildings are occupied. 

Also, replace existing timers for lighting and set the new lighting hours to Mon – 
Fri 07:30 – 16:00.  If someone starts working earlier have a manual ON/OFF 
switch, but the timers must override this. 

Savings 

The solar tubes should be installed in Buildings 330 and 2135. 

We presume that lights are switched off when people do not occupy the buildings. 
Otherwise, the savings will be higher. 

Building 330 savings:  (184 fixtures x 400 W + 26 fixtures x 250 W) x 8 hrs/day x 
260 days per year = 166,000 kWh/year. 

At 5.3 cents per kWh, the savings are worth $8,800/year. 

Avoided costs for maintenance, light bulb changes etc. estimated to $1,000/year, 
which gives total savings of $9,800/year. 

Reducing the operating hours by replacing the timers and set new hours of 
operation will save: 80 kW x (5 days x 3.5 hrs + 2 days x 12 hrs) x 52 weeks = 
173,000 kWh/year worth $9,200/year. 

Building 2135 savings:  72 fixtures with 250 W x 8 hrs/day x 260 days per year = 
37,000 kWh/year. Value of the savings: $2,000/year. 

Additional savings in Building 2135: Improved lighting standards (some parts are 
very dark today with artificial lights).  

Investment 

Building 330: $150,000 plus new timers $2,000. 

Building 2135:  $80,000. 
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Note: These investment costs are preliminary and would require a technical 
representative to provide costs that are more accurate. 

Payback 

Building 330: within 8 years. 

Building 2135: within 40 years. 

3.3. ECM GROUP 3 Significant Investment Cost ECMs. 

The ECMs in this group of 3 specific needed actions are projects that require 
relatively large capital funds to implement, and could readily be implemented 
through traditional contracting vehicles by the installation or through third-party 
contracts. The results from these actions can save Fort Carson up to $95,315 per 
year and reduce annual energy consumption by as much as 11,744 MMBtu. These 
projects have an estimated capital cost of $757,000 with a simple payback of 7.94 
years, and savings-to-investment ratio of 1.0.  

Table 3.3-A below summarizes the data gathered from each ECM. 
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Table  3.3-A.  Summary of Significant Investment Cost ECMs 

Electricity Savings Thermal Savings Maint. 
Savings 

Total 
Saving

s 
Investment Simple 

Payback ECM  ECM Description 
MMBtu 

/Yr kWh/yr $/Yr MMBtu 
/Yr $/Yr $/Yr $/Yr ($) (yrs) 

HVAC-11 Renovate Heat Distribution for Safety 0 0 0 0 0 0 0 $375,000 N/A 
Totals  0 0 $0 0 $0 0 $0 $375,000.00 N/A 
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3.3.1. ECM HVAC-11: Renovate Heat Distribution for Safety, Hangar 
Building 9604 

Existing Conditions/Problems (Safety Concerns) 

The heat distribution within building 9604 is in extremely poor condition, see 
photo below: 

 

Figure 3.3.3-1 ECM HVAC-11 Building 9604 Poor Condition Heat Distribution 

There are several steam leaks in this room, steam condenses at the steel ceiling 
and drips down, many steam pipes are no longer in use, heating control valves 
are in poor condition and most likely lack proper control. Pipes are partially 
uninsulated and rusted. The equipment in the room is not maintained and it is 
not safe to enter the room. The condensate return pumps often fail requiring 
substantial quantities of makeup water in the boiler plant, building 9609. 

Solution  

During a summer season, if the intention is to keep using the hangar building for 
any kind of work, complete the following: 
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Demolish and remove all pipes, valves, and pumps (of the abandoned floor 
heating system) that are no longer in use. 

Install a steam to hot water heat exchanger. On the hot water side: install hot 
water pumps with VFDs for variable flow depending on the heat load (2-way 
valves on the new heating coils in the heating units along the west wall), controls 
to modulate the hot water supply temperature depending on the outside air 
temperature. Hot water pumps shall be disabled when OA temperature exceeds 
60°F. 

Install new condensate return pumps on the steam side of the heat exchanger. 

Savings 

The savings are: 1) Life safety for anyone that has to work and maintain 
equipment in the room, 2) avoided total loss of ability to use the building if the 
present conditions are maintained, 3) avoiding a major steam line rupture and 4) 
energy savings. 

The energy savings can at least be estimated to be 10% of the annual energy use 
in the boiler plant.  

Quantifying total savings is not possible because of the extremely deteriorated 
condition of the steam system. These actions must be done before a very serious 
accident occurs. 

Investment 

For the above proposed measures: $375,000. 

Payback 

Not applicable. 
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3.4. ECM GROUP 4- Installation Wide ECMs 

The Installation Wide category proposes 4 ECMs, which are projected to save 
631.5 MWh/yr and 8,970 MMBtu/yr in thermal savings (mostly natural gas), 
resulting in savings of $105,230/yr. The investment cost is projected to be 
$2,000 and would achieve simple payback in 0.02 yrs.  The estimated lifetime 
savings would be $875,152 over a 10-year lifespan equating to a SIR of 437.6. 

These ECMs could readily be implemented through third-party contracts 
(ESPC/UESC).  Design-Build, Design-Bid-Build, or Job Order Contacts should be 
utilized if funds can be obtained via central IMCOM Funding or the installation’s 
existing Operations and Maintenance Army (OMA) budget.  

Table 3.5-A provides a summary of the information for these ECMs. 
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Table 3.4-A Summary of Installation Wide, SME ECMs 

Electricity Savings Thermal Savings Maint. 
Savings 

Total 
Savings Investment Simple 

Payback ECM  ECM Description 
MMBtu 

/Yr kWh/yr $/Yr MMBtu 
/Yr $/Yr $/Yr $/Yr ($) (yrs) 

CNTR-1 Increase / Decrease Space Temperature Set Points and 
make uniform 54 15,800 $837 470 $3,760 0 $4,597 2,000 0.4 

CNTR-2 Schedule AHUs to Match Building Occupancy 1,248 365,700 $19,382 0 0 0 $19,382 0 0.0 

CNTR-4 Re-Commission Building Controls and AHUs and 
Replace Pneumatic Controls with DDC - - - - - - - - - 

HVAC-10 Establish Routines for Standby when buildings are not 
in use and Optimize Sequence of Operations 853 250,000 $13,250 8,500 $68,000 0 $81,250 0 0 

Totals  2,155 631,500 $33,469 8,970 $71,760 0 $105,229 $2,000 0.02 
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3.4.1. ECM CNTR-1: Increase/Decrease Space Temperature Set Points and 
Make Uniform 

Existing Conditions/Problems 

Throughout the installation, there was a large variation of actual space 
temperatures and space temperature set points, despite an installation-wide 
policy standardizing set points and facility temperatures. Most buildings 
inspected had AHUs with far too high temperature set points or were heated by 
hot water circulating through radiators when heat was not required. In addition, 
unit heaters in some buildings, controlled by individual thermostats, had far too 
high temperature set points. Some of the chillers were not yet in operation; 
therefore, it is not possible to discern temperatures during the cooling season. 
However, the present situation, with uncontrolled high space temperatures, is 
very energy consuming and could possibly reduce worker productivity. 

As provided by installation personnel, the Fort Carson authorized temperature 
set points are: 

Heating (°F): 68 – 72 

Cooling (°F): 78 – 82 

Solution 

Implement and enforce the authorized temperature set points outlined in the 
Installation Energy Efficiency Measures Memorandum, signed by COL Smith, 
dated April 30, 2008.  Concurrently, ensure that these set points are included in 
the Installation Design Guide for all new projects and also for all future 
renovation and modernization projects.  Adjust all set points for space 
temperature according to the memorandum. Establish a routine in spring and 
autumn for DPW personnel to check set points and adjust them for heating and 
cooling seasons respectively. If deemed necessary, all thermostats should be 
locked in lock boxes where only the respective building managers have access. 
This measure takes the controls out of hands of the individuals working in the 
building. In buildings that are connected to the EMCS, update all set points to 
match the stated limits. 

Savings 

The savings by lowering the temperature set points will be calculated on a per 
square foot basis and for both the heating and the cooling season. 
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Calculation for one building  

Assume a 10,000 sq. ft. building with 10 foot ceiling, i.e. 100,000 cubic feet 
volume.  Air supply 10,000 cfm and with 30% outdoor air, 3,000 cfm (=1.42 
m3/s). 

Increase space temperature (and supply air temperature) by 10oF (5.5oC) in the 
summer. Chiller COP = 3.0. Reduce space temperature by 10oF (5.5oC) in the 
winter. 

Cooling savings, air handling unit:  1.42 m3/s x 1.2 kJ/kg, oC x 5.5oC x 15 weeks x 
168 hrs / 3.0 = 7,900 kWh worth $420.  

Cooling savings from reduced transmission losses vary according to building 
design, construction and installation quality but can on the average it is assumed 
to be at least as high as the savings from the AHU, or another $420.  

Heating savings air handling unit:  1.42 m3/s x 1.2 kJ/kg, oC x 5.5oC x 35 weeks x 
168 hrs = 55 MWh (188 MMBtu net, with 80% boiler efficiency; 235 MMBtu) 
worth $1.9k.  

Heating savings from reduced transmission losses also vary according to building 
design, construction, and installation quality but on the average, it is assumed to 
be at least as high as the savings from the AHU, or another $1.9k.  

Total savings then are approximately $4.6,000/year, or $0.46 per sq. ft. per year.  
With approximately 500,000 sq. ft. of buildings where this situation occurs and 
where changes should be made, the total savings are $230,000/year. 

Investment 

Not more than $2,000 for a 10,000 sq. ft. building, all of which relate to labor 
costs. Therefore, the total investment for 500,000 sq. ft. is $100,000. 

Payback 

The resulting payback is 0.4 years. 
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3.4.2. ECM CNTR-2: Schedule AHUs to Match Building Occupancy 

Existing Conditions/Problems 

Many Air Handling Units (AHUs) at Fort Carson are operating far more hours 
than they need to.  This is wasteful since most buildings are not used more than 8 
to 10 hrs/day, 5 days per week normally. Some secure areas may run for longer 
periods but not continuously in most cases. Operating an AHU for more hours 
than necessary means energy is wasted for heating, cooling, and running fan 
motors. Since many AHUs do not have VFDs, they also run at 100% capacity all 
the time. An exception is the variable air volume (VAV) system. 

Buildings have far longer operating hours than necessary.  This is easily identified 
by checking time schedules in the installation-wide EMCS.  

Solution 

With AHUs connected to EMCS, ensure that the time schedule module in the 
EMCS software is used to its full capacity.  Check occupancy of every single 
building and set the schedule in accordance with occupancy and temperatures 
according to the installation energy policy. 

Savings 

Reducing the running hours of a proper running  AHU (everything works as it is 
intended), from 168 hours per week (24/7) to 60 hrs/week (12/5), with 20,000 
cfm, 30% outdoor air in both winter and summer for economizing reasons, and 
with a 10 hp supply air fan and 8 hp return air fan, is calculated below: 

Heat savings: Fort Carson climate (6,345 heating degree days F = 3,525 degree 
days C): 284 MWh/year (970 MMBtu/year), $9.1k/year. (30% OA = 6,000 cfm = 
2.8 m3/s. Heating: 2.8 m3/s x 1.2 kJ/kg, oC x 3,525 degree days x 24 hours/day = 
284,000 kWh). Heat price (Natural gas) = $9.4/MMBtu with 85% total boiler 
plus distribution efficiency. (Natural gas costs $8.00/MMBtu). 

Cooling savings: Fort Carson climate (450 cooling degree days F = 250 degree 
days C): 6.7 MWh electricity/year, $350/year at a blended electricity price of 5.3 
cents per kWh (COP = 3.0). (Cooling: 2.8 m3/s x 1.2 kJ/kg, oC x 250 degree days x 
24 hrs /3.0 (=COP) =6,700 kWh).  

The annual costs for running boilers and chillers then are $9.5k. 
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Motor savings: (10 + 8 hp) x 0.746 kW/hp x (168 – 60 hrs) x 52 weeks = 75 
MWh/year, $4,000/year. 

Total savings = $13.5k/year. 

Maintenance costs are also significantly reduced due to fewer operational hours 
per year (Filters stay clean longer, belts last longer, etc.). 

From our findings at Fort Carson, regarding AHUs running longer than 
necessary, one can safely assume that this ECM can be extrapolated to at least the 
equivalent of 10 units at 20,000 cfm each, thus generating total savings of over 
$135,000/year. 

Investment 

In buildings attached to EMCS, no additional investment is needed. 

Payback 

Immediate. 

3.4.3. ECM CNTR-4: Re-commission Building Controls and AHUs and 
Replace Pneumatic Controls with DDC 

Existing Conditions/Problems 

Existing building controls need to be properly maintained in order to have AHUs, 
boilers, chillers, and perimeter heat systems work optimally. Sequences of 
operation are not accurate with respect to the way buildings and spaces are 
currently utilized. Set points for temperature and airflow need to revise. Control 
functions that once were active are not active any more, (i.e. economizing modes 
with outdoor and return air dampers in sequence and according to initial design 
and construction). These observations were also noted in other ECMs.  Signals 
from temperature, static pressure, and other sensors are not calibrated. Many 
systems are controlled by pneumatic controls. Pneumatic systems are not as 
accurate as DDC controls and also need air compressors working to function.  
Additionally, air compressors also use electric energy and need maintenance, 
which increases operating costs. 

A typical EMCS consists of a central computer and various measurement and 
control points that activate or modulate fans, dampers, pumps, coils, chillers, 
boilers, and other HVAC equipment. Programmed into that system are many 
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schedules (it was noticed that no night or weekend temperature setbacks are 
done), sequences of operation, and control schemes designed to maintain 
comfort while reducing energy costs. For savings to occur, however, not only 
must the programming be correct (without conflicts, such as simultaneous 
heating and cooling) but also all measuring devices and actuators must be 
working as designed. Failure at one level makes the rest essentially irrelevant. 

Moreover, when an EMCS is installed, it is usually tested to ensure it will deliver 
comfortable conditions, but its operation may not be verified to optimize energy 
efficiency. To ensure an EMCS will deliver promised savings, it needs to be 
commissioned upon installation or retro commissioned thereafter. 

An EMCS and its control points need to be retro commissioned if one finds: 

1.  Unusually high energy use 
2.  Chronic failures of building equipment, the control system, or both 
3.  Numerous and growing comfort problems 

Solution 

Return systems to original specifications and design parameters. Compare to 
what the building was originally designed for and change, if necessary, to match 
current needs, occupancy levels, and type of building usage. Prioritize those 
buildings that have a remaining life expectancy of 5 years or more. Check every 
signal, every function, and validate that the functions are available.  Ensure 
simultaneous heating and cooling doesn’t occur by programming new sequences 
and blocking use of units that can cause the simultaneous heating and cooling. 
Set alarm points for important signals such as high temperatures, low 
temperatures, damper failure, and pressures too high or too low, etc. 
Troubleshoot all the AHUs and their respective functions: log dampers, 
temperatures, actuator signals, and other parameters to identify problems. 
Adjust chiller and boiler set points and control curves. Replace malfunctioning 
hardware and adjust software. Implement night and weekend temperature 
setback. Optimize economizer modes/cycles. Check VAV-boxes, VFDs, pressure 
sensors, and controls. 

Additionally, complete the following: 

1. Insulate pipes and duct work so outside temperature variations are negligible 
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2. Repair or replace all failing equipment: non-operating dampers, controls not 
functioning properly, 100% OA instead of 100% RA 

3. Adjust building air and water flows to designed values 

4.  Building 330 AHUs 1 through 5 are not in a good condition and need 
immediate attention. 

Savings 

Savings from proper commissioning or later re-commissioning will range widely; 
depending on how well systems were designed, installed, and maintained prior to 
review. Independent studies have shown cuts in energy costs ranging from 3% to 
50% with paybacks for commissioning ranging from 3 months to 5 years. In the 
case at Fort Carson, with more than just normal re-commissioning (points 1 
through 4 above must be seen as additional work), the savings will be in the 
upper range. 

Investment 

Due to variations among buildings and systems, costs for commissioning or re-
commissioning services vary widely, from $0.03 to $0.43 per square foot, with 
$0.20 per square foot being a generally accepted average.  That cost typically 
encompasses review of all EMCS programming, testing of all measurement and 
control points, identification of all problems, minor repairs and a short-term 
verification of savings. With points 1 through 4, the investments will be in the 
upper range, as the savings. 

Payback 

The payback period varies due to the status of the equipment, but typically is 
below 5 years. 

3.4.4. ECM HVAC-10: Establish Routines for Standby When Buildings are 
not in Use and Optimize Sequence of Operations, Operational 
Readiness Training Complex Buildings 9471-9474 

Existing Conditions/Problems 

The Operational Readiness Training Complex (ORTC) Buildings 9471, 9472, 9473 
and 9474, were finished approximately one year ago. The buildings have been 
vacant for most of the time but the heating and the cooling has been operating 
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throughout the entire time since the buildings were finished. The boilers run all 
year around to maintain space temperatures of 71 – 72oF. During our 
investigation, we found that at the same time the boilers were running, 3 out of 4 
chillers were operating. Thus, we had simultaneous heating and cooling of the 
four buildings, on days when the outdoor air temperature was between 58 – 
70°F. The buildings are 30,410 sq. ft. each. 

Furthermore, the hot water supply temperatures were in the range of 180°F 
although they were supposed to be controlled vs. the outdoor air temperature and 
thus would not be so high on these relatively warm days. The AHUs were also 
running 24/7. 

We were told that the controls are set up to allow both boilers and chillers to run 
simultaneously when the OA temperature is above 50°F. 

We visited the buildings with one representative from the base operations 
contractor. He inspects the buildings at least once a week to flush toilets and to 
check on building status, and therefore has knowledge on when the buildings are 
occupied. 

Solution 

Establish a routine between the base operations contractor and the EMCS 
operators so that the buildings can be set in an occupied or unoccupied mode, 
depending on when the building is utilized. 

Change winter space temperature set points in occupied mode to 68°F, summer 
set points to 78°F, for all spaces, all VAV boxes / zones. For unoccupied times, 
allow temperatures to go to 50°F in winter and up to 85°F in summer. Run AHUs 
on 100% RA in unoccupied mode, for heating only. 

Switch off boilers when OA temperature exceeds 60° F; at the same time: enable 
chiller operations. Operate vice versa when OA temperature is below 60°F. 

Commission energy metering so data from electricity and gas meters can be 
automatically collected (as intended) and used. This is not working now! As 
backup: shift the gas meter displays so that they can be read manually. 

Adjust HW supply temperature to a curve that follows outdoor air temperature, 
according to the following table: 
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Table 3.5.1-A ECM HVAC-10 HW Supply Temperature vs. Outdoor Air Temperature 

OA (°F) HWS (°F) 

0 180 

30 150 

50 120 

Savings 

All four buildings have individual gas and electricity meters, which indicated the 
following gas use per building (assuming that the meters started from zero and 
are calibrated): 

9471: 4,089,653 cu. ft. 

9472: 5,048,356 cu. ft. 

9473: 3,990,790 cu. ft. 

9474: 3,901,770 cu. ft. 

TOTAL: 17,030,569 cu. ft. 

Total gas use during one year is over 17,000 kcf.  These are buildings that have 
been mostly vacant after completion. The 17,000 kcf equals 17,000 MMBtu worth 
about $136,000.  It is not possible to determine how much electric energy these 
buildings have used unnecessarily. However, we estimate the electricity use to 
well over 500,000 kWh worth $26,500. 

By performing changes as suggested above we estimate that the heat savings 
could be well over 50% of the energy used during the last year, if buildings are 
equally occupied/unoccupied. Also electric energy savings will be in the range of 
50%. 

Total savings then exceed $80,000/yr. 

Investment 

There should not be any investment related to the above-suggested measures; the 
buildings have simply been set up to run in the current configuration. 
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Payback 

Immediate 

 

3.5. ECMs INVESTIGATED, BUT FOUND TO BE NOT FINANCIALLY 
VIABLE  

The following 16 ECMs were evaluated by the team and were determined not to 
be financially viable as stand-alone projects.  When incorporated with other 
building modifications that, as a package, reduce the total building energy use, 
these ECMs may be chosen to bring the whole building in compliance with the 
current energy codes and potentially offset the first cost of other systems 
impacted by their implementation. 

Table 3.8-A provides a summary of the information for these ECMs. 
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Table 3.5-A.  Summary of ECMs That Are Not Financially Viable 

Electricity Savings Thermal Savings Maint. 
Savings 

Total 
Savings Investment Simple 

Payback ECM ECM Description 
MMBtu 

/Yr kWh/yr kWd $/Yr MMBtu 
/Yr $/Yr $/Yr $/Yr ($) (yrs) 

BE-4A Apply a Solar Film to the windows.  BLDG 1160 4 1,224 0 $65 0 0 0 $65 $1,800 27.7 

BE-4B Apply a Solar Film to the windows.  BLDG 1856 4 1,224 0 $65 0 0 0 $65 $1,800 27.7 

BE-4C Apply a Solar Film to the windows.  BLDG 1829 4 612 0 $32 0 0 0 $32 $900 27.7 

CEP-8B Renovate Steam Distribution System: Local Boilers 
for Summer Use 0 0 0 0 510 $4,080 0 $4,080 $40,000 9.8 

CEP-8C Renovate Steam Distribution System: New Hot 
Water System 0 0 0 0 500 $4,000 0 $4,000 $250,000 62.5 

DIN-2 Install Heat Exchangers in Hood Exhaust Stream to 
Preheat OA Intake -13 -3,930 0 -$208 1,084 $8,672 -$600 $7,864 $188,000 23.9 

HVAC-8 Install Flexible Duct to Simulator Server Racks and 
Raise the Temperature of the General Area 169 49,540 0 $2,626 0 0 0 $2,626 $39,000 14.9 

DHW-1 Replace Domestic Water Heater 0 0 0 0 9 $70 0 $70 $2,100 29.8 

LI-1A Replace Degraded Metal Halide Lights with high 
output T5's or T8's 58 17,072 0 $905 0 0 0 $905 $10,800 11.9 

LI-3 Replace F40T12 Fixtures with F32T8 Fixtures 16 4,630 0 $245 0 0 0 $245 $6,000 24.5 

LI-4 Day Lighting for Maintenance Bay 76 22,320 0 $1,183 0 0 0 $1,183 $20,000 16.9 

LI-6A Increase Day-Lighting (Per Fixture) 1 181 0 $10 0 0 0 $10 $500 52.1 

LI-6B Increase Day-Lighting (20 Fixtures) 20 6,000 0 $318 0 0 0 $318 $8,000 25.2 

LI-6C Increase Day-Lighting (36 Fixtures) 72 21,168 0 $1,122 0 0 0 $1,122 $20,000 17.8 

LI-7B Install Solar Tubes (Daylighting) 126 37,000 0 $1,961 0 0 0 $1,961 $80,000 40.8 

LI-7C Install Solar Tubes (Daylighting) 51 15,000 0 $795 0 0 0 $795 $20,000 25.2 

Totals  588 172,041  $9,119. 2,103 $16,822 0 $25,341. $688,900 27.19 
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3.5.1. ECM BE-4A, B, C: Install Solar Film to South-Facing Windows; Fitness 
Center 1160, Fitness Center 1856, and Special Events Center 1829 

Existing Conditions: 

Buildings with windows that receive a lot of sunlight could benefit in the summer 
months from applying a solar film to the windows to reduce solar heat that enters 
the building.  The buildings identified include Building 1160 Fitness Center, 
Building 1856 Fitness Center, and Building 1829 Special Events Center.  
Windows to be considered are single-pane windows that face the southwest 
direction. 

 
Figure 3.8.1-1 Fitness Center 1160 – Southwest Side 

The southwest side of Building 1160 has single-pane windows in the gymnasium 
as seen to the right of the above photo.  These windows are already painted black 
to prevent sunlight from being an obstruction during afternoon basketball games.  
These windows are addressed in ECM-5, adding thermal insulation to the inside 
surface of the windows. 

BE-4A - The single-pane windows at the entrance of Building 1160 let in a 
significant amount of sunlight and heat.  The surface area of the windows is 
approximately 200 square feet. 
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Figure 3.8.1-2 Fitness Center 1856 

BE-4B - The southwest side of Building 1856 has single-pane windows at the 
entrance, which let in a significant amount of sunlight and heat.  Interior blinds 
are used to keep out light, but the solar heat is already inside the building 
envelope at that point, resulting in increased heat load.  The surface area of the 
windows is approximately 200 square feet. 

 

 
Figure 3.8.1-3 Special Events Center 1829 

BE-4C - The southwest side of Building 1829 has office space with single-pane 
windows, which let in a significant amount of sunlight and heat.  Interior blinds 
are used to keep out light, but the solar heat is already inside the building 
envelope at that point, and must be removed by the air conditioning system.  The 
surface area of the windows is approximately 100 square feet. 
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Solution: 

According to the California Energy Commission, as much as 40% of a building’s 
cooling requirements are a function of heat entering through existing glass. A 
small amount of glass on the south or west side of a building will result in 
increased solar heat into the building and higher energy costs. Stopping heat at 
the window is an effective way to save energy by lowering heat transmission into 
the building and reducing HVAC operating cost. 

Conventional tinted and reflective applied window films successfully block a 
significant amount of solar heat.  However, these same films reduce a significant 
percentage of visible sun light. Most of these films are highly reflective in daylight 
giving them a mirror like appearance when viewed externally.  

Most conventional window films transmit less than 34% of visible sun light, a 
good 36% less than the 70% necessary to be undetected by the naked eye.  The 
result is building interiors are correspondingly darkened, often requiring the 
lights to be turned on, which increases the lighting and HVAC energy costs. This 
increased energy usage defeats the original purpose of installing the window film. 

Clear, energy efficient, spectrally-selective window film offers the best ratio of 
visible light transmission to heat rejection. Spectrally-selective refers to the 
ability of the window film to select or let in desirable daylight, while blocking out 
undesirable heat. 

The definitive test is how much visible light the film transmits. A true spectrally 
selective energy efficient window film transmits at least 70% of visible light. 
Many window films are labeled ‘spectrally selective’, but actually transmit no 
more than 54% visible light. Such films when installed on a window become 
visible to the naked eye. If a window film looks tinted and not clear it is not 
optimally selective in visible light transmission. Therefore, during project 
implementation, careful review of submittal data is highly recommended. 

The price of dark tinted and reflective window film ranges from $4 to $6 dollars 
per squares foot. The best spectrally selective window film ranges in price from 
approximately $9 to $12 per square foot installed. Installed prices are volume 
dependent.  

http://vkool.publishpath.com/energy-saving-efficient-window-treatments-homes�
http://vkool.publishpath.com/energy-saving-efficient-window-treatments-homes�
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Savings: 

Using “V-Kool” type VK70 film and the cost of electricity $0.053/kWh, the 
cooling energy savings will be as follows: 

Table 3.8.1-A ECM BE-4 Savings 

ECM – 
Building # 

Area 
(sq. ft.) 

Energy Saving 
(kWh/yr) 

Cost savings 
($/yr) 

BE-4A - 1160 200 1,224 $65 
BE-4B - 1856 200 1,224 $65 
BE-4C - 1829 100 612 $32.5 

Investment:  

The installed cost of spectrally selective window film per 100 sq. ft.: 

$9/sq. ft. x 100 sq. ft. = $900.  

Payback: 

The resulting payback period is: 

Table 3.8.1-B ECM BE-4 Payback 

ECM – 
Building 

Installed Cost 
($) 

Savings 
($/yr) 

Payback 
(yrs) 

BE-4A - 1160 $1,800 $65 27.7 
BE-4B - 1856 $1,800 $65 27.7 
BE-4C - 1829 $900 $32 27.7 

 

3.5.2. ECM CEP-8B: Renovate Parts of Steam Distribution System, CEP 
Building 9609 

Existing Conditions/Problems 

The boiler plant in building 9609 provides heat (steam) to buildings 9604, 9600, 
9601, 9602, 9611, and 9612. The plant has 3 boilers providing 50-psi steam. The 
boilers are marked 5858 MBH each; all are the same size. Occasionally there is no 
condensate return at all due to failing condensate return pumps in building 9604. 
When this happens, and if the condensate pumps are not fixed immediately, it is 
necessary to add around 3,000 gallons of make-up water per day. The make-up 
water is 55°F compared to condensate, which can be around 160°F. 
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Solution 

Shut down the boiler plant at summer. Install local boilers for DHW and steam 
(only in the dining facility) where needed. 

Savings 

According to data received from Fort Carson Central Energy Plant Operations 
personnel, the energy used in 9609 was only 2,645,000 cu. ft. in 2007, which 
means 2,645 MMBtu, a total cost of $21,160. This is very low considering the 
buildings attached to the plant but when recalling that the hangar 9604 now 
mainly is heated by natural gas-fired radiant heaters (original heating systems 
abandoned) the energy use makes sense. The other buildings are much smaller 
than building 9604. 

Closing the boilers down at summer would, according to received data, save 760 
MMBtu between May 1st and September 30th, worth $6,000. Additional energy 
use in local boilers for DHW and kitchen steam would reduce the net savings to 
between $4,000 and $5,000/year. 

Investment 

Local boilers for summer use: $40,000. 

Payback 

The resulting payback is 8 years. 

3.5.3. ECM CEP-8C: Renovate Parts of Steam Distribution System, CEP 
Building 9609 

Existing Conditions/Problems 

The boiler plant in building 9609 provides heat (steam) to buildings 9604, 9600, 
9601, 9602, 9611, and 9612. The plant has 3 boilers providing 50-psi steam. The 
boilers are marked 5858 MBH each; all are the same size. Occasionally there is no 
condensate return at all due to failing condensate return pumps in building 9604. 
When this happens, and if the condensate pumps are not fixed immediately, it is 
necessary to add around 3,000 gallons of make-up water per day. The make-up 
water is 55°F compared to condensate, which can be around 160°F. 
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Solution 

Consider replacing existing system with a new system, use hot water instead of 
steam. This should be applied to both boilers and distribution system. 

Savings 

According to data received from Fort Carson Central Energy Plant Operations 
personnel, the energy used in 9609 was only 2,645,000 cu. ft. in 2007, which 
means 2,645 MMBtu, a total cost of $21,160. This is very low considering the 
buildings attached to the plant but when recalling that the hangar 9604 now 
mainly is heated by natural gas-fired radiant heaters (original heating systems 
abandoned) the energy use makes sense. The other buildings are much smaller 
than building 9604. 

Changing the boilers and the heat distribution system to be based on hot water 
instead of steam (steam boilers can be kept but the steam would be run through a 
steam to hot water heat exchanger) would make it possible to save another 500 
MMBtu (estimated) worth $4,000 per year. 

Investment 

New hot water system instead of steam:  $250,000. 

Payback 

The resulting payback is 63 years. 

3.5.4. ECM DIN-2: Install Heat Exchangers in Hood Exhaust Stream to 
Preheat OA Intake, Dining Facility Building 1444 

Existing Conditions/Problems 

DFAC, Building 1444, has several make-up air units on the roof. The hood 
exhaust fans inside remove hot air from the kitchen grills, but the heat is not 
being recovered from this exhaust air stream. 
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Figure 3.2.8-1 Dining Facility 1444 – Kitchen Hood 

The hoods used in the kitchen DFAC are a standard canopy type.  There are three 
hoods that are an average of 12 feet long and 4 feet wide.  For extra heavy use, the 
exhaust rate of such a canopy hood is 550 CFM per linear foot of hood.  

Q = 550 CFM/ft x 12 ft = 6,600 CFM each. 

The hoods are located 3 1/2 feet above the cooking surface.  Given the hood size, 
the three hood exhaust systems each remove 6,600 CFM for a total exhaust of 
19,800 CFM of air.  These hoods operate approximately 13 hours per day, seven 
days a week.  

Solution 

The exhaust heat from the grills could be recovered and transferred to the make-
up air units. This would require coils to be placed in the four exhaust air ducts 
and in the make-up air units. These coils would be piped to connect the exhaust 
system recovery coils with the coils in the make-up air units. A new pump would 
be installed to circulate the water when the hood exhaust fans are on and only in 
the winter months. 

With this system, the exhaust air in the winter will warm the incoming outside 
air. Without this system, extra energy will be required to heat the building.  

Additional maintenance will be required with the new system.  The greasy air in 
the hoods will need to be filtered.  The filters will need to be replaced regularly, 
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and the heat recovery coils will need to be cleaned regularly. Due to the risk of 
fouling the exhaust flow and the long payback period, this ECM is not 
recommended. 

Savings 

It is estimated that half the temperature difference of the 200°F exhaust air 
temperature and the average winter temperature of 48°F will be recovered. With 
a five-month heating season, this equates to 2,145 MMBtu per year, which has an 
annual cost saving of $17,000. 

Heating Energy Savings: 

Q= 1.08 x 19,800 CFM x 50% (100°F – 48°F) x 5 months/yr x 30 days/month x 
13 hrs/day / 0.7 heating system efficiency  = 1,084 MMBtu/yr 

1,084 MMBtu/yr x $8.00/MMBtu = $8,700/yr 

The system will require a 3 horsepower pump to circulate the water. The 
estimated energy used by this pump is: 

3 hp x 0.9 x 0.746 kW/hp x 13 hrs/day x 30 days/month x 5 months/yr = 3,930 
kWh/yr. 

3,930 kWh/yr x $0.053/kWh = $200/yr 

Annual cost to replace 3 filters twice per year = 3 x $100 x 2 = $600/yr 

The resulting cost savings is $7,900/yr. 

Investment 

The cost of heat recovery system is estimated to be $188,000. This includes 
installing coils in the exhaust ducts and in the two make-up air units, 3” insulated 
piping that will run between the exhaust system and the make-up air units, a pair 
of pumps, valves and the necessary controls. 

Additional maintenance is required for this system.   

Due to the risk of fouling the exhaust flow and the long payback period, this ECM 
is not recommended. 
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Payback 

The resulting payback is 23.8 years. 

3.5.5. ECM HVAC-8: Flexible Duct to Simulator Server Racks and Raise the 
Temperature of the General Area, CCTT Building 2135 

Existing Conditions/Problems 

The electronics for the simulation modules need an ambient condition of 68°F 
when operating.  To attain this condition, the entire area where the modules are 
located is maintained at this temperature.  The simulators can be conservatively 
estimated to occupy 75% of the space in the building.   The total area of the 
building is 48,180 Sq. Ft.  The cooling load for a building with the same function 
is 48,180/300 sq. ft. /Ton = 161 Tons.  The total cooling load for the area for the 
simulators is then 120 Tons or 1.45 MMBtu/hr.  The air supplied to the building 
is at 55°F.   

     

Figure 3.2.11-1 CCTT Building 2135 – Simulator Module and Server Rack 

The AHUs serving this area is operated in occupied and unoccupied modes.  The 
change over from occupied to unoccupied mode is done manually and during the 
inspection, some of the 6 units serving the area were operating while only a 
handful of simulators were turned on. 
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Solution 

Use flexible ductwork to directly supply cooling air to the simulators and increase 
the temperature settings for the whole area to 78°F for cooling and 68°F for 
heating.  There are 40 simulators spaces available in the building and there are 6 
units supplying the cooling air to the area.  The 6 air-handling units can be made 
to directly supply 7 simulators each with 500 CFM cooling air.  Flexible ducts can 
be routed to the computer servers for each simulator to supply the cooling air.   

The manually controlled operation of the air-handling units should be 
transferred to the EMCS to ensure that the correct mode of operation is always 
set correctly. 

Savings 

The total air supply to the building to maintain an ambient temperature of 68°F 
based on the total cooling load of 1.45 MMBTU/hr is 103,276 CFM.   

The cooling load for the general area minus the cooling load for the simulator 
electronics is 1.45 MMBtu/hr - 0.072 MMBtu/hr = 1.38 MMBtu/hr.  Therefore, 
to maintain the higher temperature of 78°F in the general area, the cooling air 
supply can be reduced to 55,475 CFM.  The total airflow rate to the simulators is 
500 x 40 = 20,000 CFM.  The total CFM needed to cool the simulator to 68°F 
and the general area to 78°F is 75,475 CFM.  The supply air can then be reduced 
by 103,276 – 75,475 = 27,800 CFM  

The savings of 27,800 CFM is equal to 27,800 x 1.08 x (66-55) = 330,264 Btu/hr.  

Total savings per year is 330,264 x 150 days x 12 hr/day = Cooling Energy Used = 
594 MMBtuh /12,000 Btuh/ton x 1 kWh/ton = 49,540 kWh/yr. 

49,540 kWh/yr x $0.053/kWh = $2,625/yr. 

Investment 

The total estimated cost to install the flexible duct to each of the simulator servers 
is $39,000. 

Payback 

The resulting payback is 14.9 years. 
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3.5.6. ECM DHW-1: Replace Domestic Water Heater, Special Events Center 
Building 1829 

Existing Conditions/Problems 

The Special Events Center, Building 1829, was originally a gymnasium and is now 
used as an auditorium for large gatherings.  An existing gas-fired water heater 
provides domestic hot water for the men’s and women’s restrooms and a 
kitchenette for the offices in the building.  The existing water heater is old and 
inefficient in heating water for this building. 

 
Figure 3.1.23-1 Building 1829 Water Heater 

Solution 

Replace existing inefficient water heater with new more efficient water heater.  
Based on current use of this facility, the new water heater would be rated for 
3,200 Btu/hr and have a capacity of at least 11 gallons. 

Savings 

A new water heater would have an efficiency of 80% compared to the old water 
heater (assume an efficiency of about 50%). 

The load is estimated to be about 32,000 Btu/day. 

Gas consumption new water heater: 

0.032 MMBtu/day x 365 days/yr / 80% = 14.6 MMBtu/yr  



EEAP Report - Fort Carson, CO 103 
 

 

Gas consumption old boiler: 

0.032 MMBtu/day x 365 days/yr / 50% = 23.4 MMBtu/yr 

Savings:  (23.4 MMBtu/yr – 14.6 MMBtu/yr) x $8.00/MMBtu = $70/yr. 

Investment 

Total installed cost of a new gas-fired water heater would be $2,100. 

Payback 

The resulting payback is 30 years. 

3.5.7. ECM LI-3: Replace F40T12 Fixtures with F32T8 Fixtures 

Existing Conditions/Problems 

The Motor Pool, Building 1982, has existing fixtures using F40T12 lamps.  The 
new standard for lighting on post is fixtures using F32T8 lamps.  

Table 3.1.26-A ECM LI-3 Existing F40T12 to New F32T8 Comparison 

Lamp Type Lamp Watts Lamps per Fixture Input Watts Average Lumens Lumens per Watt 

F40T12 40 3 140 6844 57.5 

F32T8 32 3 87 6695 85.5 

Solution 

Replace the existing F40T12 fixtures with new F32T8 fixtures at approximately 
40 locations. 

Savings 

It is estimated that there are 40 light fixtures that are on 70% of an estimated 
occupied period of 12 hrs per weekday, or approximately 2184 hours per year. 

Base line energy use: 

40 x 140W x 2184 hr / 1000 = 12,230 kWh, value: $648/year. 
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New energy use: 

40 x 87W x 2184 hr / 1000 = 7,600 kWh, value: $402/year 

Savings = $648 - $402 = $246 

Investment 

Replace 40 fixtures at existing locations at a cost of $150 per fixture, $6,000. 

Payback 

The resulting payback is less than 25 years. 

3.5.8. ECM LI-4: Day Lighting for Maintenance Areas 

Existing Conditions/Problems 

The maintenances areas in the motor pool building 2692 are currently lit using 
400W metal halide high-bay fixtures.  Some daylight is available from high 
windows and from the doors when the doors are open.  Additional day-lighting 
would allow for the existing (or new high-efficient) lights to be operated less 
frequently. 

Solution 

Add daylight collecting fixtures in the ceiling or additional windows to the 
building.  

Savings 

Estimate of average hours of daily operation when additional daylight fixtures 
could allow the lights to be off:  4 hrs 

Annual hours of lights-off due to good daylight:  4hrs x 5 day x 40 weeks = 800 
hrs 

Lighting load = 60 lights x 465 W /1000 = 27.9 kW 

Estimate annual energy reduction:  27.9 kW x 800 hrs = 22,320 kWh 

Estimate of annual savings:  22,320 kWh x $0.053/kWh = $1,183 
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Investment 

Add skylights and/or windows:  $20,000. 

Payback 

The resulting payback is 17 years. 

Longer if the existing fixtures are replaced with higher efficiency fixtures. 

3.5.9. ECM LI-6A, B, C: Increase Day-Lighting 

Existing Conditions/Problems 

There are spaces within buildings at Fort Carson that could be effectively lit with 
the addition of daylight harvesting fixtures, solar-tubes (solatubetm) or skylights. 
Areas observed that are candidates for installation of additional day-lighting 
include: the hallways on the second level of the DOIM building (1550), the dining 
areas of building 1444, and the simulator area of building 2135. 

Solution 

Install skylights or solar tubes in the roof/ceiling of the hallways at building 1550. 
Install skylights or solar tubes in the roof of the dining areas at building 1444.  
Install skylights, solar tubes, or gable windows in the simulator building. 

Savings 

Building 1550:   Currently, the building occupants often leave the lights off in the 
hallways as a conscious effort to conserve energy.  Therefore, the addition of day 
lighting may not provide significant energy savings, however, it would make the 
building more inviting, comfortable, and more conducive for work.  If day-
lighting fixtures were used as the primary light source in the hallway, offsetting 
the energy used by 87W fixtures for 2,080 hours per year, the potential savings is 
less than $10 per fixture per year. 

Savings calculation:  0.087 kW x 2,080 hr = 181 kWh per fixture, worth $9.59 
(per fixture). 

Building 1444:  This DFAC has high windows, which provide an effective level of 
day-lighting.  Additional day-lighting could increase the lighting level to a point 
that no supplemental light would be required for most of the day.  Assume that 
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twenty existing 150W metal halide fixtures would not be required for 2,000 hours 
per year due to the addition of day lighting.  The potential savings is: 20 x 0.150 
kW x 2,000 hr = 6,000 kWh, worth $318. 

Building 2135: The simulator building is a large warehouse type space lit by metal 
halide fixture mounted at approximately 12’ above the finished floor. There are 
currently 72 ea 250W metal halide fixtures (294W input).  Assume that 
additional day-lighting would allow half of the fixtures to not be used for 2,000 
per year.  The potential savings is 72/2 x 0.294 x 2,000 hr = 21,168 kWh, worth 
$1,122. 

Note that replacing the existing fixtures with higher efficiency T8 fixtures would 
result in less energy use and decrease the potential savings from adding day 
lighting. 

Investment 

1550: Assume that for each 87W fixture not required there is a $500 investment 
in sky-lighting. 

1444:  Assume an investment of $8,000 to add day lighting. 

2135:  Assume an investment of $20,000 to add sky lights or windows. 

Payback 

1550:  $500/$9.59 = 52 years. 

1444: $8,000/$318 = 25 years. 

2135: $20,000/$1,122 = 18 years. 

3.5.10. ECM LI-7B/C: Solar Tubes 

Existing Conditions/Problems 

There are some buildings with little or no windows to allow for any day lighting. 
This makes electric energy for lighting a major operating cost of these buildings. 
Examples of such a buildings are Buildings 9620 (back areas) and 2135. Typical 
working hours are Mon – Fri 07:30 – 16:00. 
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Solution 

Install so-called solar tubes that direct the daylight into the buildings so that the 
existing, energy-consuming, lights can be switched off when daylight is sufficient. 
This should be the case during the hours that these buildings are occupied. 

Also, replace existing timers for lighting and set the new lighting hours to Mon – 
Fri 07:30 – 16:00.  If someone starts working earlier have a manual ON/OFF 
switch, but the timers must override this. 

Savings 

The solar tubes should be installed in Buildings 9620 (back areas) and 2135. 

We presume that lights are switched off when people do not occupy the buildings. 
Otherwise, the savings will be higher. 

At 5.3 cents per kWh, the savings are worth $8,800/year. 

Avoided costs for maintenance, light bulb changes etc. estimated to $1,000/year, 
which gives total savings of $9,800/year. 

Reducing the operating hours by replacing the timers and set new hours of 
operation will save: 80 kW x (5 days x 3.5 hrs + 2 days x 12 hrs) x 52 weeks = 
173,000 kWh/year worth $9,200/year. 

Building 9620 savings:  28 fixtures with 250 W x 8 hrs/day x 260 days per year = 
15,000 kWh/year, worth $800/yr. 

Building 2135 savings:  72 fixtures with 250 W x 8 hrs/day x 260 days per year = 
37,000 kWh/year. Value of the savings: $2,000/year. 

Additional savings in Building 2135: Improved lighting standards (some parts are 
very dark today with artificial lights).  

Investment 

Building 9620: $20,000. 

Building 2135:  $80,000. 
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Note: These investment costs are preliminary and would require a technical 
representative to provide costs that are more accurate. 

Payback 

Building 9620: within 25 years. 
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4. Summary and Recommendations 

4.1. Summary 

The study identified a total of 69 different potential energy conservation 
measures (ECMs), which were economically quantified (see Appendix A). These 
ECMs (summarized in Table A-1) are organized into 8 categories: 

1.   Low to Moderate Investment Cost Projects (less than $20,000 investment) 
2.   Good Payback & Moderate Investment Cost ($20,000 – $199,000) 
3.   Good Payback & Significant Investment Cost ($200,000 and above) 
4.   Installation – Wide 
5.   Not Financially Viable ECMs 

The study recommends implementation of 53 ECMs, which could reduce Fort 
Carson’s annual energy use by up to 3,378 MWh/yr electric and 56,141 
MMBtu/yr thermal savings (mostly natural gas). Savings of $165,842/yr in 
maintenance costs, and $976/yr in water were also identified. The total energy, 
water, and maintenance savings would be $794,970/yr. An investment of $1.58 
million to implement the ECMs results in a simple payback of 2.0 yrs. These 
ECMs are presented in 6 groups according to the system type that the ECM 
affects. 

4.2. Conclusions 

There are numerous energy savings opportunities at Fort Carson.  Some of them 
are straightforward, requiring minor investment for each measure, and can be 
implemented using installation operations and maintenance (OMA) funds. Other 
recommended opportunities are either more complex or large in scope, requiring 
significant capital investment, and may be best suited for implementation using 
third-party financing.  

4.3. Recommendations 

It is recommended that all the identified potential cost savings be aggressively 
pursued. The recommended energy savings opportunities at Fort Carson should 
be incorporated in the Fort Carson Master Plan and programmed for 
implementation. 
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It is recommended that Fort Carson immediately fund HVAC-11 with internal 
funding or seek Sustainment Restoration and Modernization (SRM) funding 
from Installation Management Command (IMCOM) due to the life-safety issues 
associated with it. 
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Acronyms and Abbreviations 

Term Spell out 
ACSIM Assistant Chief of Staff for Installation Management 
AHU air handling unit 
CEERD U.S. Army Corps of Engineers, Engineer Research and Development Center 
ERDC-CERL Construction Engineering Research Laboratory 
CFL compact fluorescent lamp 
CFR Code of the Federal Regulations 
COP coefficient of performance 
DB dry bulb 
DDC direct digital control 
DEC direct evaporative cooling 
DOAS dedicated outdoor air supply 
DPW Directorate of Public Works 
DX direct expansion 
ECBCS Energy Conservation in Buildings and Community Systems 
ECM energy conservation measure 
EMC energy management control 
EMCS energy management control system 
EMS energy management system 
USEPA U.S. Environmental Protection Agency 
EPACT Energy Policy Act 
EPOA energy and process optimization assessment 
ERDC Engineer Research and Development Center 
ESPC energy savings performance contract 
FEDS Facility Energy Decision System 
HQ headquarters 
HVAC heating, ventilating, and air-conditioning 
IDEC Indirect and Direct Evaporative Cooling 
IEA International Energy Agency 
IEC indirect evaporative cooling 
HQ-IMCOM Headquarters, Installation Management Command 
IR infrared radiant 
kW kilowatt 
LED light emitting diode 
MMBtu million BTU 
MW megawatt 



EEAP Report - Fort Carson, CO 112 
 

 

Term Spell out 
kcf thousand cubic feet 
MMBTU Million British Thermal Units 
MMBTUh Million British Thermal Units per hour 
MWh megawatt hour 
MWR morale, welfare, and recreation 
NPV net present value 
OA outside air 
OWS operator workstation 
PC personal computer 
PNNL Pacific Northwest National Laboratory 
PT physical training 
RA return air 
SBS sick building syndrome 
SIR savings to investment ratio 
SME subject matter expert 
TMY typical meteorological year 
TNT trinitrotoluene 
UESC utility energy services contract 
UMCS utility monitoring and control system 
VAV variable air volume 
VFD variable frequency drive 
WWW World Wide Web 
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Appendix A:  Summary of All ECMs 

Table A- 1. Summary of all ECMs. 

Electricity Savings Thermal Savings Total Building Energy 
Savings 

Maint 
Savings 

First Cost 
Reduction 

Total 
Savings Investment Simple 

Payback ECM  ECM 
Description MMBtu/Yr KW  

Demand kWh/yr $/Yr MMBtu/Yr $/Yr MMBtu/Yr $/Yr $/Yr $ $/Yr ($) (yrs) 

BE-1 
Add insulation 
in the ceiling 
in conditioned 
spaces. 

0 0 0 0 406 $3,245 406 $3,245 0  $3,245 $8,900 2.7 

BE-2 
Add insulation 
in the ceiling 
in conditioned 
spaces. 

0 0 0 0 518 $4,144 518 $4,144 0  $4,144 $11,400 2.7 

BE-3 
Install a Drop-
Down Ceiling 
in the Main 
Training Area. 

181 0 53,118 $2,815 11,063 $88,500 11,244 $91,315 0  $91,315 $132,000 1.4 

BE-4A 
Apply a Solar 
Film to the 
windows. 

4 0 1,224 $65 0 0 4 $65 0  $65 $1,800 27.7 

BE-4B 
Apply a Solar 
Film to the 
windows. 

4 0 1,224 $65 0 0 4 $65 0  $65 $1,800 27.7 

BE-4C 
Apply a Solar 
Film to the 
windows. 

2 0 612 $32 0 0 2 $32 0  $32 $900 27.7 

BE-5 

Insulate West-
Side, 
Blackened, 
Single Pane, 
Metal 
Windows 

0 0 0 0 188 $1,500 188 $1,500 0  $1,500 $3,340 2.2 

BE-6 
Lower False 
Ceiling in 
Office Space 

3 0 908 $48 188 $1,504 191 $1,552 0  $1,552 $11,100 7.2 

BE-7 

Seal and 
insulate 
louvers above 
doors and 
reseal doors. 

0 0 0 0 73 $580 73 $580 0  $580 $2,430 4.2 

BE-8 
Install High-
Speed doors 
at loading 
docks. 

0 0 0 0 2,664 $21,312 2,664 $21,312 0  $21,312 $91,000 4.3 
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Electricity Savings Thermal Savings Total Building Energy 
Savings 

Maint 
Savings 

First Cost 
Reduction 

Total 
Savings Investment Simple 

Payback ECM  ECM 
Description MMBtu/Yr KW  

Demand kWh/yr $/Yr MMBtu/Yr $/Yr MMBtu/Yr $/Yr $/Yr $ $/Yr ($) (yrs) 

CEP-1 

Optimize HW 
Loop 
Temperature 
to meet 
seasonal and 
troop 
occupancy 
requirements. 

0 0 0 0 3,063 $24,504 3,063 $24,783 0  $24,783 $1,000 0.0 

CEP-2 

Provide 
additional 
Steam 
capacity for 
Mess Halls 
with Direct 
fired on-
demand 
temperature 
boost. 

0 0 0 0 3,063 $24,504 3,063 $24,783 0  $24,783 $35,200 1.4 

CEP-3 

Shut off HW 
Generator 
between 
10:00 pm and 
4:00 am and 
lower the 
recirculation 
loop flow with 
VFD 

0 0 0 0 3,922 $31,376 3,922 $31,376 0  $31,376 $6,800 0.2 

CEP-4 

Replace DC 
Motor on 
recirculation 
pump with AC 
Motor and 
add VFD. 

913 0 267,424 $14,173 0 0 913 $14,173 0  $14,173 $56,250 4.0 

CEP-5 

Add VFD to 
AC Motor on  
one of the 
Recirculation 
Pumps 

811 0 237,656 $12,596 0 0 811 $12,596 0  $12,596 $37,500 3.0 

CEP-6 

Install VFD on 
the 
Combustion 
Air Fan Motor 
and Control 
from existing 
continuous 
O2 

367 0 107,547 $5,700 4,275 $34,200 4,642 $39,900 0  $39,900 $45,750 1.1 
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Electricity Savings Thermal Savings Total Building Energy 
Savings 

Maint 
Savings 

First Cost 
Reduction 

Total 
Savings Investment Simple 

Payback ECM  ECM 
Description MMBtu/Yr KW  

Demand kWh/yr $/Yr MMBtu/Yr $/Yr MMBtu/Yr $/Yr $/Yr $ $/Yr ($) (yrs) 

CEP-7 
Insulate 
above-ground 
HW and 
Steam Piping 

0 0 0 0 1,950 $15,600 1,950 $15,600 0  $15,600 $24,000 1.5 

CEP-
8A 

Renovate 
Steam 
Distribution 
System: 
Repair 
Condensate 
Pumps 

0 0 0 0 125 $1,000 125 $1,000 0  $1,000 $5,000 5.04 

CEP-
8B 

Renovate 
Steam 
Distribution 
System: Local 
Boilers for 
Summer Use 

0 0 0 0 510 $4,080 510 $4,080 0  $4,080 $40,000 9.8 

CEP-
8C 

Renovate 
Steam 
Distribution 
System: New 
Hot Water 
System 

0 0 0 0 500 $4,000 500 $4,000 0  $4,000 $250,000 62.5 

CNTR-
1 

Increase / 
Decrease 
Space 
Temperature 
Set Points 
and make 
uniform 

54 0 15,800 $837 470 $3,760 524 $4,597 0  $4,597 $2,000 0.4 

CNTR-
2 

Schedule 
AHUs to 
Match 
Building 
Occupancy 

1,248 0 365,700 $19,382 0 0 1,248 $19,382 0  $19,382 0 0.0 

CNTR-
3 

Switch off 
Boilers and 
HW Pumps 
when Outside 
Temperature 
is Above 60 
deg F, Switch 
off Chillers 
and CW 
Pumps when 
Outside Temp 
is Lower Than 
60 deg F 

32 0 9,250 $490 0 0 32 $490 0  $490 $200 0.4 
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Electricity Savings Thermal Savings Total Building Energy 
Savings 

Maint 
Savings 

First Cost 
Reduction 

Total 
Savings Investment Simple 

Payback ECM  ECM 
Description MMBtu/Yr KW  

Demand kWh/yr $/Yr MMBtu/Yr $/Yr MMBtu/Yr $/Yr $/Yr $ $/Yr ($) (yrs) 

CNTR-
4 

Re-
Commission 
Building 
Controls and 
AHUs and 
Replace 
Pneumatic 
Controls with 
DDC 

0 0 0 0 0 0 0 0 0  0 0 0 

DIN-1 

Modify 
Kitchen 
Exhaust 
Hoods for 
Demand 
Control (Per 
Hood) 

260 9 76,285 $4,043 1,183 $9,461 1,443 $13,504 0  $13,504 $30,000 2.2 

DIN-2 

Install Heat 
Exchangers in 
Hood Exhaust 
Stream to 
Preheat OA 
Intake 

-13 0 -3,930 $-208 1,084 $8,672 1,071 $8,464 $-600  $7,864 $188,000 23.9 

DIN-3 

Add Low Flow 
Nozzles for all 
sinks and 
Rinsing 
Nozzles 
(WATER 
SAVINGS) 

0 0 0 0 0 0 0 $418 0  $418 $300 0.7 

HVAC-
1 

Transfer 
Temperature 
Set Point 
Control to 
EMCS 

53 0 15,666 $830 0 0 53 $830 0  $830 $9,400 11.3 

HVAC-
2 

Transfer 
Temperature 
Set Point 
Control to 
EMCS 

53 0 15,666 $830 0 0 53 $830 0  $830 $9,400 11.3 

HVAC-
3 

Reset Boiler 
Hot Water 
Temperature 

0 0 0 0 810 $6,480 810 $6,480 0  $6,480 0 0.0 

HVAC-
4 

Reset Boiler 
Hot Water 
Temperature 

0 0 0 0 1,080 $8,640 1,080 $8,640 0  $8,640 0 0.0 
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Electricity Savings Thermal Savings Total Building Energy 
Savings 

Maint 
Savings 

First Cost 
Reduction 

Total 
Savings Investment Simple 

Payback ECM  ECM 
Description MMBtu/Yr KW  

Demand kWh/yr $/Yr MMBtu/Yr $/Yr MMBtu/Yr $/Yr $/Yr $ $/Yr ($) (yrs) 

HVAC-
5 

Install VFDs 
on Hot Water 
Pumps and 
Modify 3-Way 
Valves 

278 0 81,465 $4,318 0 0 278 $4,318 0  $4,318 $30,000 6.9 

HVAC-
6 

Install VFDs 
on Hot Water 
Pumps and 
Modify 3-Way 
Valves 

397 0 116,222 $6,160 0 0 397 $6,160 0  $6,160 $48,500 7.9 

HVAC-
7 

Change 
Concentration 
of Glycol for 
the Chilled 
Water from 
50% to 40% 

430 0 125,969 $6,676 0 0 430 $6,676 $42  $6,718 0 0.0 

HVAC-
8 

Flexible Duct 
to Simulator 
Server Racks 
and Raise the 
Temperature 
of the General 
Area 

169 0 49,540 $2,626 0 0 169 $2,626 0  $2,626 $39,000 14.9 

HVAC-
9 

Modify AHUs 
and MAUs to 
allow 100% 
Outside Air 

270 0 79,000 $4,187 0 0 270 $4,187 0  $4,187 $12,500 3.0 

HVAC-
10 

Establish 
Routines for 
Standby when 
buildings are 
not in use and 
Optimize 
Sequence of 
Operations 

853 0 250,000 $13,250 8,500 $68,000 9,353 $81,250 0  $81,250 0 0.0 

HVAC-
11 

Renovate 
Heat 
Distribution 
for Safety 

0 0 0 0 0 0 0 0 0  0 $375,000 Never 

HVAC-
12 

Control Space 
Temperature 
from one 
thermostat 

0 0 0 0 600 $4,800 600 $4,800 0  $4,800 $12,000 2.5 

HVAC-
13 

Alter Heat 
Supply 0 0 0 0 2,500 $20,000 2,500 $20,000 $76,000  $96,000 $100,000 1.0 

HVAC-
14 

Duct Forced 
Air to the 
Floor 

0 0 0 0 600 $4,800 600 $4,800 0  $4,800 $38,400 8.0 
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Electricity Savings Thermal Savings Total Building Energy 
Savings 

Maint 
Savings 

First Cost 
Reduction 

Total 
Savings Investment Simple 

Payback ECM  ECM 
Description MMBtu/Yr KW  

Demand kWh/yr $/Yr MMBtu/Yr $/Yr MMBtu/Yr $/Yr $/Yr $ $/Yr ($) (yrs) 

HVAC-
15 

Upgrade and 
Re-
Commission 
Heating and 
Ventilating 
Units 

0 0 0 0 0 0 0 0 $80,000  $80,000 $162,000 2.0 

HVAC-
16 

Reduce Air 
Exchanges 
and AHU 
Operational 
Hours 

440 0 129,000 $6,837 8,900 $71,200 9,340 $78,037 0  $78,037 $55,000 0.7 

HVAC-
17 

Install 
Separate 
AHU for Body 
Scanning and 
Surrounding 
Space 

0 0 0 0 0 0 0 0 0  0 $25,000 Never 

HVAC-
18 

Enable 
Economizer 
Operation for 
Cooling 

3,082 0 903,000 $47,859 0 0 3,082 $47,859 0  $47,859 $10,000 0.2 

DWH-1 
Replace 
Domestic 
Water Heater 

0 0 0 0 9 $70 9 $70 0  $70 $2,100 29.8 

LI-1A 

Replace 
Degraded 
Metal Halide 
Lights with 
high output 
T5's or T8's 

58 0 17,072 $905 0 0 58 $905 0  $905 $10,800 11.9 

LI-1B 

Replace 
Degraded 
Metal Halide 
Lights with 
high output 
T5's or T8's 

91 0 26,707 $1,415 0 0 91 $1,415 0  $1,415 $12,000 8.5 

LI-2C Lighting 
Control 152 0 44,640 $2,366 0 0 152 $2,366 0  $2,366 $8,000 3.4 

LI-2D Lighting 
Control 152 0 44,640 $2,366 0 0 152 $2,366 0  $2,366 $8,000 3.4 

LI-2E Lighting 
Control 26 0 7,488 $397 0 0 152 $397 0  $397 $600 1.5 

LI-2F Lighting 
Control 32 0 9,360 $496 0 0 152 $496 0  $496 $600 1.2 

LI-2G Lighting 
Control 26 0 7,488 $397 0 0 152 $397 0  $397 $600 1.5 

LI-2H Lighting 
Control 16 0 4,680 $248 0 0 152 $248 0  $248 $1,000 4.0 
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Electricity Savings Thermal Savings Total Building Energy 
Savings 

Maint 
Savings 

First Cost 
Reduction 

Total 
Savings Investment Simple 

Payback ECM  ECM 
Description MMBtu/Yr KW  

Demand kWh/yr $/Yr MMBtu/Yr $/Yr MMBtu/Yr $/Yr $/Yr $ $/Yr ($) (yrs) 

LI-2I Lighting 
Control 19 0 5,616 $298 0 0 152 $298 0  $298 $600 2.0 

LI-2J Lighting 
Control 16 0 4,680 $248 0 0 152 $248 0  $248 $600 2.4 

LI-2K Lighting 
Control 16 0 4,680 $248 0 0 152 $248 0  $248 $600 2.4 

LI-2L Lighting 
Control 16 0 4,680 $248 0 0 152 $248 0  $248 $600 2.4 

LI-3 

Replace 
F40T12 
Fixtures with 
F32T8 
Fixtures 

16 0 4,630 $245 0 0 16 $245 0  $245 $6,000 24.5 

LI-4 
Day Lighting 
for 
Maintenance 
Bay 

76 0 22,320 $1,183 0 0 76 $1,183 0  $1,183 $20,000 16.9 

LI-5 

On Failure, 
Replace T8 
Ballasts with 
Premium 
Grade T8 
Ballasts and 
High Lumen 
Lamps (Per 
Fixture) 

0 0 37 $2 0 0 0 $2 0  $2 $6 3.1 

LI-6A 
Increase Day-
Lighting (Per 
Fixture) 

1 0 181 $10 0 0 1 $10 0  $10 $500 52.1 

LI-6B 
Increase Day-
Lighting (20 
Fixtures) 

20 0 6,000 $318 0 0 20 $318 0  $318 $8,000 25.2 

LI-6C 
Increase Day-
Lighting (36 
Fixtures) 

72 0 21,168 $1,122 0 0 72 $1,122 0  $1,122 $20,000 17.8 

LI-7A Solar Tubes 1,157 0 339,000 $17,967 0 0 1,157 $17,967 $9,800  $27,767 $152,000 5.5 
LI-7B Solar Tubes 126 0 37,000 $1,961 0 0 126 $1,961 0  $1,961 $80,000 40.8 
LI-7C Solar Tubes 51 0 15,000 $795 0 0 51 $795 0  $795 $20,000 25.2 

LI-8A 
Light Sensors 
for space with 
Natural Light 

48 7 14,200 $753 0 0 48 $753 0  $753 $500 0.7 

LI-8B 
Light Sensors 
for space with 
Natural Light 

36 17 10,600 $562 0 0 36 $562 0  $562 $4,000 7.1 

Totals  12,114 33 3,550,213 $188,161 58,244 $465,932 71,407 $655,069 $165,242  $820,311 $2,269,976 2.77 
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Appendix B:  ECM Extrapolations 

Table B- 1.  Extrapolated ECM Results. 

Electrical 
Savings 

Thermal 
Savings 

Total 
Savings Investment Simple 

Payback Type Bldg Set No of 
BLDGS Bldg No. Bldg Name Description 

kWh/yr MMBtu/Yr $k/Yr ($k) (yrs) 

BE-1 50b-admin 29 1982 Motor Pool Admin Change roof U-value from 0.3497 
to 0.034 303,119 17,163 $143.4 $213.6 1.49 

BE-2 50d/offices 11 2692 Motor Pool Admin Change roof U-value from 0.3497 
to 0.034 0 2,589 $16.3 $100.1 6.13 

HVAC-1 50b 29 1982 Motor Pool Reduce runtime of ventilation 
system 540,895 540 $38.9 $191.8 4.93 

HVAC-2 50d 11 2692 Motor Pool Reduce runtime of ventilation 
system 82,617 1,075 $5.6 $82.5 14.77 

K-3 60a 19 1444 Dining Facility 
Scale up water savings and 
investment cost by number of large 
dining facilities (9) 

0 0 $3.8 $1.1 0.29 

L-1 50b 29 1982 Motor Pool Replace 400w MH lamps with high 
output T5 lamps 206,048 -468 $12.3 $182.0 14.80 

L-1 50d 11 2692 Motor Pool Replace 400w MH lamps with high 
output T5 lamps 342,394 -942 $18.4 $123.2 6.71 

L-1 23 22 2135 Sim Center CCTT Replace 250w MH lamps with 32w 
Super T8 lamps 186,769 -113 $15.6 $46.0 2.95 

L-1 80b 15 1856 Fitness Center Replace 250w MH lamps with 32w 
Super T8 lamps 99,027 -188 $5.9 $51.5 8.76 

L-1 50a 3 9620 Hangar Replace 400w MH lamps with high 
output T5 lamps 69,496 -166 $3.9 $141.4 36.62 

L-1 60a 19 1444 Dining Facility Replace 250w MH lamps with 32w 
Super T8 lamps 23,860 -56 $2.3 $40.6 17.66 

L-2 50b 29 1982 Motor Pool Change lighting use percentage 
during occupancy from 80% to 40% 226,899 -463 $14.0 $204.6 14.64 

L-2 50b-admin 29 1982 Motor Pool Admin Change lighting use percentage 
during occupancy from 85% to 60% 154,573 -325 $9.5 $18.0 1.89 

L-2 50d 11 2692 Motor Pool Change lighting use percentage 
during occupancy from 80% to 40% 122,965 -308 $7.1 $88.0 12.41 
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L-2 50d/offices 11 2692 Motor Pool Admin Change lighting use percentage 
during occupancy from 85% to 60% 37,625 -90 $2.2 $6.6 2.99 

L-2 23 22 1550 DOIM Change lighting use percentage 
during occupancy from 85% to 60% 184,671 -62 $15.2 $8.2 0.54 

L-2 80b 15 1856 Fitness Center Change lighting use percentage 
during occupancy from 85% to 60% 140,890 -331 $8.0 $6.1 0.76 

L-3 50b-admin 29 1982 Motor Pool Admin Replace T12 lamps with same-style 
T8 lamps 317,023 -742 $18.2 $180.5 9.92 

L-3 50d/offices 11 2692 Motor Pool Admin Replace T12 lamps with same-style 
T8 lamps 125,164 -339 $6.7 $66.0 9.82 

L-4 50d 11 2692 Motor Pool 
Change lighting use percentage 
during occupancy from 40% (from 
L-2) to 20% 

61,483 -154 $3.3 $220.0 65.77 

L-6 60a 19 1444 Dining Facility Change lighting use percentage 
during occupancy from 60% to 40% 100,371 -147 $6.6 $50.6 7.67 

           
Totals      3,325,889 16,473 $357.2 $2022.4 5.66 
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Table B- 2. Buildings Affected by Extrapolated ECM. 

ECM  Buildings Affected 

BE-1 238, 501, 633, 634, 635, 749, 1682, 1882, 1982, 2031, 2082, 2426, 2427, 7426, 7438, 8004, 8021, 8032, 8110, 8111, 8142, 8152, 
8200, 8300, 8930, 9072, 9277, 9628, 9635A 

BE-2 1382, 1392, 1692, 2392, 2492, 2692, 2792, 2992, 3092, 3192, 3292 

HVAC-1 238, 501, 633, 634, 635, 749, 1682, 1882, 1982, 2031, 2082, 2426, 2427, 7426, 7438, 8004, 8021, 8032, 8110, 8111, 8142, 8152, 
8200, 8300, 8930, 9072, 9277, 9628, 9635A 

HVAC-2 1382, 1392, 1692, 2392, 2492, 2692, 2792, 2992, 3092, 3192, 3292 

K-3 1040, 1129, 1345, 1369, 1444, 1520, 1532, 1533, 1669, 2061, 2161, 2259, 2461, 7300, 7481, 9507, 9508, 9612, 12001 

L-1 

238, 319, 501, 633, 634, 635, 749, 846, 1014, 1040, 1129, 1160, 1345, 1369, 1382, 1392, 1444, 1446, 1450, 1452, 1511, 1520, 1532, 
1533, 1550, 1551, 1661, 1662, 1669, 1682, 1692, 1698, 1829, 1843, 1856, 1882, 1930, 1982, 2030, 2031, 2061, 2082, 2135, 2161, 
2259, 2357, 2358, 2392, 2403, 2404, 2426, 2427, 2429, 2461, 2492, 2692, 2792, 2992, 3092, 3192, 3292, 5950, 6231, 6232, 6234, 
6256, 7300, 7426, 7438, 7440, 7481, 8004, 8008, 8021, 8032, 8110, 8111, 8142, 8152, 8200, 8300, 8930, 9072, 9277, 9507, 9508, 
9552, 9602, 9604, 9612, 9620, 9628, 9633, 9638, 10000, 12001, 9635A, IL001, LFNDB 

L-2 
238, 319, 501, 633, 634, 635, 749, 846, 1014, 1160, 1382, 1392, 1446, 1450, 1452, 1511, 1550, 1551, 1661, 1662, 1682, 1692, 1698, 
1829, 1843, 1856, 1882, 1930, 1982, 2030, 2031, 2082, 2135, 2357, 2358, 2392, 2403, 2404, 2426, 2427, 2429, 2492, 2692, 2792, 
2992, 3092, 3192, 3292, 5950, 6231, 6232, 6234, 6256, 7426, 7438, 7440, 8004, 8008, 8021, 8032, 8110, 8111, 8142, 8152, 8200, 
8300, 8930, 9072, 9277, 9552, 9602, 9628, 9638, 10000, 9635A, IL001, LFNDB 

L-3 238, 501, 633, 634, 635, 749, 1382, 1392, 1682, 1692, 1882, 1982, 2031, 2082, 2392, 2426, 2427, 2492, 2692, 2792, 2992, 3092, 
3192, 3292, 7426, 7438, 8004, 8021, 8032, 8110, 8111, 8142, 8152, 8200, 8300, 8930, 9072, 9277, 9628, 9635A 

L-4 1382, 1392, 1692, 2392, 2492, 2692, 2792, 2992, 3092, 3192, 3292 

L-6 1040, 1129, 1345, 1369, 1444, 1520, 1532, 1533, 1669, 2061, 2161, 2259, 2461, 7300, 7481, 9507, 9508, 9612, 12001 

 

Note:  All extrapolated building sets apply to ECM L-1. 
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