ECM 2a — Water Conservation Measures with Waterless Urinals
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ECM 3 — Install New/Upgrade Energy Management System

Please refer to the Energy Conservation Measure (ECM) section of this report for
additional information.

Existing Condition to Warrant an ECM Opportunity:

Some of the facilities within Arapahoe County currently have an energy management
control system (EMCS). In most cases, the equipment in these facilities operates during
periods of the little or no occupancy. So, some of the existing operating schedules
programmed into the EMCS can be modified to better match the actual occupancy
schedules,

Many facilities within Arapahoe County are currently without an EMCS. These facilities
utilize time clocks, programmable thermostats, and non-programmable thermostats for
control of their equipment. In most cases, the equipment operates during periods of little
or no occupancy. The installation of a new EMCS will allow the maintenance staff to

easily modify the equipment operating schedules to better match the actual occupancy
schedules.

Savings Calculation Methodolgy:

The implementation of this ECM shatl result in both natural gas and electrical savings.
The savings for this ECM were calculated utilizing two Trane Trace building energy
simulation models. The first model included the existing operating schedules for each
piece of equipment. The second mode! was modified to include the new operating
schedules for each piece of equipment. The annual energy consumption calculated from
cach model was subtracted from one another to produce the annual energy savings.

Spreadsheet calculations were performed on the buildings that were not modeled. The
spreadsheet calculations used the same methodology described above.
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MODELING NOTES

ARAPAHOE COUNTY - ADMIN 1 BUILDING

ECM Run: Install New EMCS

“Fan System ftam Changed Previous Run Input Current Run Input
AH-1 Fan Schedule M-F: 5am-11pry; Sat-Sun: 8am-4pm M-F:; Bam-8:30pm; Sat-Sun: Off
AH-2 Fan Schedule M-F: Sam-11pm; Sat-Sun: Bam-4pm M-F: Bam-6:30pm; Sat-Sun: Off
AH-3 Fan Schedule M-F: Sam-11pm; Sat-Sun: 8am-4pm M-F: Bam-6:30pm; Sat-Sun: Off
AH-4 Fan Scheduie M-F: 5am-11pm; Sat-Sun: 8am-4pm M-F: Bam-6:30pm; Sat-Sun; Off

Previous Run [New Lighting Run):

Annual KWh Usage: 2,168,375
Annual kW Usage: 6,016
Annual Therms Usage: 41,562
Current Run [Install New EMCS Run}:
Annuat kWh Usage: 1,870,390
Annual kW Usage: 6,125
Annual Therms Usage: 25,743
Savings {Install New EMCS Savings):
Annuat kWh Savings: 297,585
Annual kW Savings: -109
Annual Therms Savings: 15,819
Motes:

1. The negative kW savings is the result of the chiller have 1o work harder in the momings due to the schedule change,
These negative savings shall not be accounted for since the upgraded EMCS shall coot each space down gradually
without baving to "overload" the chiflers in the morming.

Electric Savings Safety Factor: 0.73
Natural Gas Savings Safety Factor: 0.73



Admin | - DHW Pump EMCS Savings

Existing | New kWh |
Pump ID: HP: LF: Efficlency:| kW: Run Hrs: | Run Hrs: | Savings:
DHWP-1 0.17 0.75 0.7 0.13 8,760 3,259 733 |
HX Pump 0.25 0.75 0.7 0.20 8,760 3,259 1,009

Total kWh Savings: 1,832

Note: The existing run hours are 24 h/d, 7 dfw. The new run hours are 12.5 h/d, 5 d/w.
These savings shall be added to the EMCS savings that were calculated in the Trane Trace
building simulation model.
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ARAPAHOE COUNTY - ARAPAHOE PLAZA EAST BUILDING

MODELING NOTES

ECM Run: Install New EMCS

RoonvFan System ttem Changed Previous Run Input Current Run Input
AHU-E1 Fan Schedule M-F: Barn-10om; Sat-Sun: 8am-4:30pm M-F: 7am-6pm; Sat-Sun: OFF
AHU-E2 Fan Schedule M-F. 6am-10pm; Sat-Sun: 8am-4:30pm M-F: Tam-8pm; Sat-Sun: OFF

Previous Run (New Lighting Run):

Annual kWh Usage: 1,622,198
Annual kW Usage: 4,116
Annual Therms Usage: 31,170
Current Run {Install New EMCS Run):
Annual kWh Usage: 1,516,895
Annual kW Usage: 4,142
Annual Therms Usage: 26,138
Savings (Install New EMCS Savings):
Annual kWh Savings: 105,303
Annual kW Savings: =27
Annual Therms Savings: 5,032
Noles:

1. The negative KXW savings is the result of the chiller have to work harder in the mornings due to the schedule change.
These negative savings shail not be accounted for since the upgraded EMCS shail cool each space down gradually

without having to "overload” the chillers in the morning.

Electric Savings Safety Factor:
Natural Gas Savings Safety Factor:

0.73




MODELING NOTES

ARAPAHOE COUNTY - ARAPAHOE HUMAN SERVICES BUILDING

ECM Run: Install New EMCS

RoomiFan System ltem Changed Previous Run Input Current Run Input
AHL-SW1 Fan Schedule M-F: 6am-10pm: Sat-Sun: Sam-4:30pm M-F: 7am-6pm; Sat—_Sun: OFF
AHU-SE1 Fan Schedule M-F; 6am-10pm; Sat-Sun: 8am-4:30pm M-F: 7Tam-8pm; Sat-Sun; OFF
AHU-SW2 Fan Schedule M-F: 6arn-10pm; Sat-Sun: Bam-4:30pm M-F: Tam-6pm; Sat-Sun; OFF
AHU-SE2 Fan Schedule M-F: 6am-10pm; Sat-Sun: 8am-4:30pm M-F: 7am-Bpm; Sat-Sun: QFF

Previous Run [New Lighting Run):

Annual kWh Usage: 1,285,972
Annual KW Usage: 3827
Annual Therms Usage: 16,926
Current Run [instali New EMCS Run):

Annual kWh Usage: 1,105,118
Annuzl kW Usage: 3,916
Annual Therms Usage: 8,326
Savings {Install New EMCS Savings):

Annual kWh Savings: 180,854

Annuat kW Savings: -89 i
Aanual Therms Savings: 8,600
Notes:

1. The negative KW savings is the resull of the chiller have to work harder in the momnings due 1o the schedule change.

These negative savings shall not be accounted for since the upgraded EMCS shall cool each space down gradually
without having to "overload" the chillers in the merning.

Electrlc Savings Safety Factor: .73
Natural Gas Savings Safety Factor: G.5




MODELING NOTES

ARAPAHOE COUNTY - ARAPAHOE PLAZA WEST BUILDING

ECM Run: Install New EMCS

" Room/Fan System Jtem Changed Previous Run Input Current Run Input
AHU-W1 Fan Schedule M-F: 24 h/d; Sat-Sun: 4am-6pm M-F. 7am-6pm; Sat-Sun: OFF
AHU-W2 Fan Schedule M-F: 24 hi/d; Sat-Sun: 4am-8pm M-F: 7am-8pm, Sat-Sun: OFF

Pravious Run [New Lighting Run):

Annual kWh Usage: 1,472,813
Annuat KW Usage: 4,023
Annual Therms Usage: 26,234
Current Run [install New EMCS Runl:
Annual kWh Usage: 1,375,163
Annual kW Usage: 4,081
Annuat Therms Usage: 16,084
Savings {Install New EMCS Savings):
Annual ¥Wh Savings: 97,650
Annual kW Savings: -58
Annual Therms Savings: 10,151
Notes:

1. The negative kW savings is the result of the chiller have o work harder in the mornings due to the schedule change.
These negative savings shall not be accounted for since the upgraded EMCS shall cocl each space down gradually

without having to "overload" the chillers in the mornping.

Electric Savings Safety Factor: 0.73
Naturai Gas Savings Safety Factor: 0.5
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ARAPAHOE COUNTY - ALTURA PLAZA

MODELING NOTES

ECM Run; Install New EMCS

Fan System tem (-}hanged Pravipus Run input Current Run input
WSHP Fan Schedule/Cycle with Peopls Available 100% M-F: Bam-6:30pm; Sat-Sun: Off |
Pre-Heat WSHP Fan Schedule/Cycle with Peaple Available 100% M-F: 7am-6:30pm; Sat-Sun: QFf
Fan Coil Fan Schedule/Cycle with Peopte Availabte 100% M-F: Tam-6:30pm; Sat-Sun: O

Provious Run {New Lighting Run):

Annual kWh Usage:
Annual KW Usage:
Annual Therm Usage:

1,140,374
4,374
42,784

Current Run (Install New EMCS Run):

Annual kWh Usags:
Arnual kW Usage:
Annual Therm Usage:

Savings (Install
Annual kWh Savings:
Annual kW Savings:
Annual Therm Savings:

Notes:

781,336
4,377
32,718

ow EMCS Savings):
359,038
-3
10,066

1. An additional 85,769 Therms were added o the 10,066 Therms savings shown above. This is a result of the building's existing

naturat gas usage being way out of line, so much so that we were unable to force our computer model to reflact the building's

actual natural gas usage. So, the 65,769 Therms is the difference in the building's actual usage and the computer medel's "match usage.”
Rafar to the attached spreadsheet.

Elactric Savings Safety Factor:
Natural Gas Savings Safety Factor:

0.73
0.73



Figure 1

Arapahoe County - Altura Plaza
Computer Model Calibration for NG usage

NG USAGE (Therms) Adjusted
Month BASELINE MODEL Baseline
Savings
Jan 18,160 61% 11,122
Feb 11,670 45% 5,220
Mar 5,160 -16% -802
Apr 5,010 33% 1,648
May 4,150 65% 2,700
Jun 3,700 75% 2,767
Jul 4,530 96% 4,344
Aug 6,300 89% 5,618
Sep 7,530 83% 6,254
Qct 14,900 77% 11,479
Nav 18,330 72% 13,256
Dec 8,440 26% 2,163
107,880 42,111 61% 65,769
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MODELING NOTES
ARAPAHOE COUNTY - ACJC COURTHOUSE

ECM Run: Upgrade Existing EMCS

Fan System ltem Changed Previous Run Input Current Run Input
Ak-1 Fan Schedule Changed M-F - 4am-11pm, Sat-Sun: 8am-17pm M-F: 5:30am-9:30pm; Sat-Sun; 8am-17pm
AtiU-1 Fan Schedule Changed M-F - 4dam-11pm, Sat-Sun: Bam-17pm M-F: 5:30am-9:30pm; Sat-Sun: 8am-17pm
AHIU-2 Fan Schedule Changed M-F - 4am-11pm, Sal-Sun: §am-17pm M-F: 5:30am-9:30pm; Sat-Sun: Bam-17pm

Previous Run (New Lighting Run):

Annual kWh Usage: 2,189,928
Annual kW Usage: 4,335
Annual Therm Usage: 65,319
Current Run {Upgrade Existing EMCS Run):
Annual kWh Usage: 2,087,853
Annual kW Usage: 4,835
Annual Therm Usage: 58,576
Savings {Upgrade Existing EMCS Savings):
Annual kWh Savings: 102,075
Annuat KW Savings: G
Annval Therm Savings: 6,743
Electric Savings Safety Factor: 0.73

Natural Gas Savings Safety Factor: 0.73
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ARAPAHOE COUNTY - ACJC ADMIN il BUILDING

MODELING NOTES

ECM Run: Upgrade Existing EMCS

Fan System

item Changed

Previous Run Input

Current Run Input

AHU-1
AbU-2
AHU-4

AHU-6

Fan Schedule
Fan Schedule
Fan Schedule

Fan Scheduile

M-F: 7am-10:30pm; Sat-Sun: OFF
M-F: §:30am- 10:30pm; Sat-Sun: CFF
M-F: Tam-10:45pm; Sat-Sun: OFF

M-F: Tam-11pm; Sat-Sun: Sam-Spm

M-F: 7am-8:30pm; Sat-Sun: OFF

M-F: 5:30am-8:30pm; Sat-Sun: OFF
M-F: 7am-8:30pm; Sat-Sun: OFF

M-F: 7am-8:30pm; Sat-Sun: 8am-5pm

Pravious Run (New Lighting Run):

Annual kWh Usage:
Annual kW Usage:
Annual Therms Usage:

Current Run [Upgrade Existing EMCS Runj:

Annual kWh Usage:
Annual kW Usage:
Annual Therms Usage:

Savings (Uparade Existing EMCS Savings):

1,439,677
4,563
22,709

1,414,100
4,581
20,011

Annual kWh Savings:
Annual kW Savings:
Annual Therms Savings:

Notes:

25,577
-18
2,699

1. The negaiive kW savings is the result of the chitler have fo work harder in the mornings due to the schedule change.
Thess negative savings shall not be accounted for since the upgraded EMCS shall cool each space down gradually

withaut having to “overload" the chillers in the morning.

Electric Savings Safety Factor:

Natural Gas Savings Safety Factor:

0.73
0.73







ECM 4 — Install Programmable Thermostats

Please refer to the Energy Conservation Measure (ECM) section of this report for
additional information.

Existing Condition to Warrant an ECM Opportunity:

Many of the facilities within Arapahoe County currently don’t have an energy
management control system (EMCS). These facilities utilize non-programmable
thermostats for control of their equipment. In most cases, the equipment operates during
periods of little or no occupancy. The installation of programmable thermostats will
allow the maintenance staff to easily modify the equipment operating schedules to better
match the actual occupancy schedules.

Savings Calculation Methodolgy:

The implementation of this ECM shall result in both natural gas and electrical savings.
The majority of the savings for this ECM were calculated utilizing two Trane Trace
building energy simulation models. The first model included the existing operating
schedules for each piece of equipment. The second model was modified to include the
new operating schedules for each piece of equipment. The annual energy consumption
calculated from each mode! was subtracted from one another to produce the annual
energy Savings.

Spreadsheet calculations were performed on the buildings that were not modeled. The
spreadsheet calculations used the same methodology described above.
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MODELING NOTES

ARAPAHOE COUNTY - PEORIA SHOPS

ECM Run: Install a New EMCS/Programmable Thermostats

Fan System itern Changed Previous Run Input Current Run Input
Rm 1 (UHs & MAUs) Heating Driftpoint 70F 55F
Rm 2 (RTU-3) Heating Driftpoint 70F 55F
Rm 3 (RTU-1 & RTU-2) Cooling Driftpoint 75F 95F
Heating Driftpoint 7O0F 55F

NOTE: The units above shall cylce on during the occupied peried to maintain the space temperature
setpoint as governed by the existing space thermostat. The units above shall cycle on during the
unoceupied period to maintain the night setback temperatures above as governed by the new EMCS or
programmable thermostat,

Previous Run {(New Lighting Run}:

Annual kWh Usage: 194,579
Annual kW Usage: 773
Annual Therms Usage: 24,278
Current Run (Install New EMCS/Prog Tstat Run):
Annual kWh Usage: 186,287
Annual KW Usage: 778
Annual Therms Usage: 12,476
Savings (Install New EMCS/Prog Tstat Savings):
Annual kWh Savings: 8,292
Annual kW Savings: -5
Annual Therms Savings: 11,801
Notes:

1. The negative kW savings is the result of ail of the unit heaters coming on at once in the mornings due to the schedule
change. These negative savings shall not be accounted for since the upgraded EMCS shall heat each space up gradually.






ECM 5 — Replace the Existing Chillers and Cooling Tower

Please refer to the Energy Conservation Measure (ECM) section of this report for
additional information.

Existing Condition to Warrant an ECM Opportunity:

Currently, cooling is provided to building 01-Administration Building by two water-
cooled, reciprocating chillers that have heat recovery capabilities. Each chiller is
equipped with two different condensers. The first condenser is piped to a cooling tower
which transfers the heat generated in the building to the outdoors. The second condenser
is piped to the building’s hot water system which transfers the heat generated in the
building to the hot water return line, preheating the hot water before it re-enters the
boilers. This type of chilled water system works best when there is a need for chilled
water throughout the entire winter, which is not the case at this facility. The four main
air handling units in this building are equipped with air-side economizers which can be
utilized during the winter to provide cooling, instead of the chillers. This type of chilled
water system has caused some operational problems due to the complexity of the system.
For example, the hot water return water flows through the heat recovery condenser at all
times, there are no valves installed to enable the hot water return to bypass the condenser.
This causes the chiller to operate in heat recovery mode whenever the hot water pumps
are running, which may not always be the ideal time for the heat recovery condenser to
be running. The chiller operates at a lower efficiency using the heat recovery condenser
since the water temperature entering the condenser is a lot hotter than the water coming
from the cooling tower, thus causing the chiller to consume more energy. The chillers
have also reached the end of their useful lives and their efficiencies have started to
deteriorate. The cooling tower has reached the end of its useful life too. This ECM
concerns replacing the existing chillers and cooling tower. The two new chillers shall be
high efficient, water-cooled chillers.

Savings Calculation Methodolgy:

The implementation of this ECM shall result in positive electrical savings and negative
natural gas savings. The savings for this ECM were calculated utilizing two Trane Trace
building energy simulation models. The first model included the existing heat recovery
chillers and the second model was modified to include the new high efficient chillers.
The annual energy consumption calculated from each model was subtracted from one
another to produce the annual energy savings. The negative natural gas savings reflects

the effects of the heat recovery chiller no longer being used to preheat the hot water
return.
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ARAPAHOE COUNTY - ADMIN | BUILDING

MODELING NOTES

ECM Run: Insiall New EMCS

Fan System

ltem Changed

Previous Rur Input

Current Run input

AH-1

AH-2

AH-3

A4

Fan Schedule

_Fan Schedule

Fan Schedule

£an Schedule

M-F; bam-11pm; Sat-Sun: Bam-4pm
M-F: 5am-11pm; Sat-Sun: 8am-4pm
M-F: 5am-11pm; Sat-Sun: 8am-4pm

M-F: Bam-11pm; Sat-Sun: 8am-4pm

M-F: Bam-6:30pm; Sat-Sun: Off
M-F: 6am-6:30pm; Sat-Sun; OFf
M-F: 6am-6:30pm; Sat-Sun: Off

M-F: Bam-6:30pm; Sat-Sun: Off

Praevious Run [New Lighting Run}:

Annual kWh Usage:
Annual kW Usage:
Annual Therms Usage:

2,168,375
6.016
41,562

Current Run (Install New EMCS Run):

Annuai kWwh Usage:
Annual kW Usage:
Annual Therms Usage:

1,870,390
6,125
25,743

Savings (Install New EMCS Savings):

Annual kWh Savings:
Annual kW Savings:
Annual Therms Savings:

Notes:

297,985
-109
15,819

1. The negative kW savings is the result of the chiller have to work harder in the marnings due to the schadule change.

These negative savings shall not be accounted for since the upgraded EMCS shall coot each: space down graduaily
without having to "overload” the chiliers in the morning.

Electric Savings Safety Factor:
Matural Gas Savings Safety Factor:

073
073




Admin 1 - DHW Pump EMCS Savings

Existing New kWh
Pump ID: HP: LF: Efficlency:| kW: Run Hrs: | Run Hrs: | Savings:
DHWP-1 0.17 0.75 0.7 0.13 8,760 3,259 733
HX Pump 0.25 0.75 0.7 0.20 8,760 3,259 1,099

Total kWh Savings: 1,832

Note: The existing run hours are 24 h/d, 7 d/w. The new run hours are 12.5 h/d, 5 diw.
These savings shall be added to the EMCS savings that were calculated in the Trane Trace
building simulation model.



MODELING NOTES
ARAPAHOE COUNTY - ADMIN | BUILDING

ECM Rure Replace the Existing Chillers

Cooling Equipment Tag itern Changed Previous Run fnput Current Run Input

teat Recovery Chillers Equipment Type Water-Cooled Recip Chiller w/ Ht. Rec, New Admin | Chiller
{Clg--1 kWrton @ 260 Tons, Ht. Rec.~1.35 kW/ion @ 220 Tons) {0.625 kW/ton @ 100% Load)

Pravious Run {New EMCS Run):

Annual kwWh Usage: 1,870,390
Annual kW Usage: 6,125
Annual Therms Usage: 25,743
Current Run [Replace the Existing Chillers Runj;
Annual XWh Usage: 1,760,979
Annual KW Usage: 5,606
Annual Tharms Usage: 26,723
Savings {Replaca the Existing Chillers Savinas};
Annual kWh Savings: 109,441
Annual kW Savings: 519
Annuai Therms Savings: -880
Notes:

1. The negative therms savings is the resuit of the heat recovery chiller no longer being used to preheat the hot water return.
So, now the boiler has to burmn more natural gas o acceunt for this. These negative savings shall not be accounted for since
the heat recovery system no longer functions properly.

Eleetric Savings Safety Factor: 0.73
Natural Gas Savihgs Safely Factor: 0.73






ECM 6 — Replace the Existing Natural Gas-Fired Boilers

Please refer to the Energy Conservation Measure (ECM) section of this report for
additional information.

Existing Condition to Warrant an ECM Opportunity:

The majority of the hot water boilers used for heating in the Arapahoe County factlities
are natural gas-fired, atmospheric boilers. Atmospheric boilers aren’t the most efficient
boilers available. Also, these boilers are beginning to reach the end of their useful lives,
This ECM concermns replacing each of the atmospheric boilers with a more efficient
natural gas-fired, forced draft boiler.

Savings Calculation Methodolgy:

The implementation of this ECM shall result in positive natural gas savings and negative
electrical savings. The savings for this ECM were calculated utilizing two Trane Trace
building energy simulation models, The first model included the existing atmospheric
boiler and the second model was modified to include the new forced draft boiler. The
annual energy consumption calculated from each model was subtracted from one another
to produce the annual energy savings. The negative electrical savings reflects the energy
usage of the new boiler’s forced draft fan.
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MODELING NOTES
ARAPAHOE COUNTY - ADMIN 1 BUILDING

ECM Run: install New EMCS

Fan System tern Changed Previous Run Input Current Run input
AH-1 Fan Schedule M-F: Gam-14pm; Sai-Sun: Bam-4pm M-F: 6am-6:30pm; Sat-Sun: O
AH-2 Fan Schedule M-F: 5am-11pm; Sat-Sun: 8am-4pm M-F: 6am-6:30pm; Sat-Sun: Off
AH-3 Fan Schedule M-F: Sam-11pm; Sat-Sun; 8am-4pm M-F: 6am-6:3Cpm; Sat-Sun; Off
AH-4 Fan Schedule M-F: 5am-11pm; Sat-Sun: 8am-4pm M-F: Gam-8:30pm; Sat-Sun. Off

Previous Run [New Lighting Run):

Annual KWh Usage: 2,168,375
Annual kW Usage: 6,016
Annuat Therms Usage: 41,662
Current Run [Install New EMCS Run):
Annual kWh Usage: 1,870,390
Annual kW Usage: 6,125
Annual Therms Usage: 25,743
Savings (Install New EMCS Savings}:
Annual kWh Savings: 297,885
Annual kW Savings: -109
Annual Therms Savings: 15819

Notes:

4. The negative kW savings is the result of the chiller have to work harder in the mormings due to the schedule change.

These negative savings shall not be accounted for since the upgraded £EMCS shall cool each space down gradually
wilhout having to "overload” the chitlers in the morning.

Electric Savings Safety Factor:
Natural Gas Savings Safety Factor:

0.73
073



Admin | - DHW Pump EMCS Savings

| Existing| New | kWh
Pump ID: HP: LF: Efficiency: kW Run Hrs: | Run Hrs: | Savings:
"DAWP-1 | 047 0.75 0.7- 0.13 8,760 | 3,259 733
HX Pump 0.25 0.75 0.7 0.20 8,760 3,259 1,099
Total kWh Savings: 1,832

Note: The existing run hours are 24 b/d, 7 d/w. The new run hours are 12.5 h/d, 5 d/w,

These savings shall be added to the EMCS savings that were calculated in the Trane Trace
building simulation model.




MODELING NOTES

ARAPAHOE COUNTY - ADMIN | BUILDING

ECM Run: Replace the Existing Chillers

Cooling Eg uipmert Tag Iterm Changed Previous Run input Current Run input
Heat Recovery Chillers Equipmant Type Water-Cooled Recip Chiller w/ HL. Rec.

(Clg.-1 KW/ton @ 260 Tons, Hi. Rec.-1.35 kW/ton @ 220 Tons)

MNew Admin | Chiller
(0.625 kW/on @ 100% Load)

Previous Ren (New EMCS Run):

Annuai kWh Usage: 1,870,390
Annual kW Usage: 6,125
Annual Therms Usage: 25,743

Current Run [Replace the Existing Chillers Run):

Annual kwWh Usage: 1,760,979
Annual kW Usage: 5,606
Annual Therms Usage: 26,723

Savings (Replace the Existing Chillers Savings):

Annual KwWh Savings: 108,411
Annual kW Savings: 519
Annuat Therms Savings: -980

Notes:

1. The negative therms savings is the result of the heat recovery chiller ne longer being used to preheat the hot water return.
Se, now tha beiler has to burn more natural gas to account for this. These negative savings shait not be accounted for since

the heat recovery system no longer functions propetly,

Electric Savings Safety Factor:
Natural Gas Savings Safety Factor:

0.73
0.73




MODELING NOTES

ARAPAHOE COUNTY - ADMIN | BUILDING

ECM Run: Replace the Existing Boilers

Cooling Equipment Tag ltem Changed Pravious Run Input Current Run Input
NG Fired HW Boilers Equipment Type Atmosphetic Boiler Gas Fired Hot Water Boiler
(70% Efficient Energy Rate) (79% Efficient Energy Rate)

Previous Run [Replace the Existing Chiliers Run):

Annuat kWh tsage: 1,760,979
Annual kW Usage: 5,606
Annual Therms Usage: 26,723
Current Run (Replace the Existing Boilers Run):
Annual KkWh Usage: 1,767,880
Annual kW Usage: 5,634
Annual Therms Usage: 24,186
Savings (Replace the Existing Boilers Savings):
Annual kWh Savings: -6,901
Annual kW Savings: -28
Annual Therms Savings: 2,536
Notes:

1. The negative kW and kWh savings is the energy used by the forced draft burner on the new boiler.

Electric Savings Safety Factor: 0.73
Natural Gas Savings Safety Factor: 0.73
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MODELING NOTES

ARAPAHOE COUNTY - ALTURA PLAZA

ECM Run: install New EMCS

Current Run Input

Fan sttem tem Changed Previous Run Input
WSHP Fan Schedule/Cycle with People Available 100%

Pre-Heat WSHP

Fan Coil

Fan Schedule/Cycle with People

Fan Schedule/Cycle with People

Available 100%

Available 100%

M-F: 6am-6:30pm; Sat-Sun: Off
M-F: 7am-6:30pm; Sat-Sun: Off

M-F: 7am-6:30pm; Sat-Sun: Off

Pravious Run {New Lighting Run):

Annual kWh Usage:
Annual kW Usage:
Annual Therm Usage:

1,140,374
4,374
42,784

Current Run {Instail New EMCS Run):

Annual kWh Usage:
Annual kW Usage:
Annual Therm Usage:

781,336
4,377
32,7118

Savings (Install New EMCS Savings}:

Annual kWh Savings:
Annual kW Savings:
Annual Therm Savings:

Notes:

359,038
-3
10,066

1. An additional 65,769 Therms were added {o the 10,066 Therms savings shown above. This is a result of the building's exisling

naturaf gas usage being way aut of line, so much so that we were unabie to force our computer model to reflect the building's

actual natural gas usage. Sq, the 65,769 Therms is the differance in the building's actual usage and the computer model's "match usage.”
Rafar ta the attached spreadsheet.

Electric Savings Safety Factor:
Naturat Gas Savings Safety Factor:

0.73
6.73




Figure 1

Arapahoe County - Altura Plaza
Camputer Model Calibration for NG usage

NG USAGE (Therms) Adjusted
Month BASELINE MODEL Baseline
Savings
Jan 18,160 61% 11,122
Feb 11,670 45% 5,220
Mar 5,160 ~16% -802
Apr 5,010 33% 1,648
May 4,150 65% 2,700
Jun 3,700 75% 2,767
Jul 4,530 96% 4,344
Aug 6,300 89% 5,618
Sep 7,530 83% 6,254
Oct 14,900 77% 11,479
Nov 18,330 72% 13,256
Dec 8,440 26% 2,163
107,880 42,111 61% 65,769
20,000
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MODELING NOTES

ARAPAHOE COUNTY - ALTURA PLAZA

ECM Run: Replace the Existing Boilers

Cooling Equipment Tag ltem Changed Previous Run Input

C-:u_rrent Run Input

NG Fired HW Boilers ﬁciency Gas Fired Hot Water Boiler

{60% Efficient Energy Rate)

Gas Fired Hot Water Boiler
{79% Efficient Energy Rate)

Previous Run (install New EMCS Run):

Annual kWh Usage: 781,336
Annual kW Usage: 4,377
Annual Therm Usage: 32,718
Current Run {Replaca the Existing Bollers Run);
Annual kWh Usage: 783,257
Annual kW Usage: 4,378
Annual Therm Usage: 30,349
Savings (Repiace the Existing Boilers Savings):
Annual KWh Savings: -1,921
Annual kW Savings: -1
Annuat Therm Savings: 2,369

Notes:
1. The negative kW and kWh savings is the energy used by the forced draft burner on the new boiler,

Electric Savings Safety Factor: 0.73
Natural Gas Savings Safety Factor: 0.73
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MODELING NOTES
ARAPAHOE COUNTY - ACJC COURTHOUSE

ECM Run: Upgrade Exisling EMCS

Fan System tem Changed Previcus Run Input Current Run Input
AH-1 Fan Schedule Changed M-F - 4am-11pm, Sat-Sun: 8am-17pm M-F: 5:30am-9:30pm; Sat-Sun: am-17pm
AHU-1 Fan Schedule Changed M-F - 4am-11pm, Sat-Sun; 8am-17pm M-F: 5:30am-8:30pm; Sat-Sun: Bam-17pm
AHIY-2 Fan Schedule Changed M-F « 4am-11pm, Sat-Sun: 8am-17pm M-F: 5:30am-9:30pm; Sat-Sun: 8am-17pm

Previous Run {New Lightlng Runj:

Annual kWh Usage: 2,189,928
Annual KW Usage: 4,835
Annuat Therm Usage: 65,319
Current Run {Upgrade Existing EMCS Run}:
Annual kWh Usage: 2,087,853
Annual kW Usage: 4,835
Annual Therm Usage: 58,576
Savings {Upgrade Existing EMCS Savings):
Annuat kWh Savings: 102,075
Annual kW Savings; 0
Annual Therm Savings: 6,743

Electric Savings Safety Factor:

0.73
Natural Gas Savings Safety Factor:

0.73




MODELING NOTES
ARAPAHOE COUNTY - ACJC COURTHOUSE

ECM Run: Replace the Existing Boilers

Cooli;g Equipment Tag item_ Changed Previous Run Input gurrent Run input
NG Fired HW Boilars Efficiency Atmospheric Boiler Gas Fired Hot Water Boiler
(65% Efficient Energy Rate) (79% Efficient Energy Rate)

Previous Run [Uparade Existing EMCS Run);

Annual kWh Usage: 2,087,853
Annual kW Usage: 4,835
Annual Therm Usage: 58,576
Current Run (Replace the Existing Boilers Run):
Annual kWh Usage: 2,098,843
Annual KW Usage: 4,861
Annual Therm Usage: 48,584
Savings {Replace the Existing Boilers Savings):
Annual kWh Savings: ~10,990
Annual kW Savings: -26
Annual Therm Savings: §,992
Notes: '

1. The negative kW and kWh savings is the energy used by the forced draft burner on the new boiler,

Electric Savings Safety Factor: 0.73
Natural Gas Savings Safety Factor: 0.73
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MODELING NOTES

ARAPAHOE CQUNTY - ACJC ADMIN Il BUILDING

ECM Run; Upgrade Existing EMCS

Fan System Item Changed Previous -Rqunput Current Run Input —
AHU-1 Fan Schedule M-F: 7am-10:30pm; Sat-Sun: QFF M-F: Yam-8:30pm; Sat-Sun: OFF
AHL-2Z Fan Schedule M-F: 5:30am-10:30pm; Sat-Sun: OFF M-F: 5:30am-8:30pm; Sat-Sun; QFF
AHU-4 Fan Schedule M-F: 7am-10:45pm; Sat-Sun: OFF M-F: 7am-8:30pm; Sat-Sun: OFF
AHU-6 Fan Schedule M-F: 7am-11pm; Sat-Sun: 8am-Spm M-F: 7am-8:30pm; Sat-Sun: Bam-5pm

Previous Run (New Lighting Run):

Annual kwh Usage: 1,439,677
Annual kW Usage: 4,563
Annual Therms Usage: 22,709
Current Run {Upgrade Existing EMCS Run):
Annual kWh Usage: 1,414,100
Annual kW Usage: 4,581
Annual Therms Usage: 20,011
Savings (Upgrade Existing EMCS Savings):
Annual kwWh Savings: 25577
Annual kW Savings: -18
Annual Therms Savings: 2,699
Notes:

1. The negative kW savings is the result of the chiller have to work harder in the marnings due to the schedule change.
These negative savings shall not be accounted for since the upgraded EMCS shall cool each space dawn gradually

without having to "overload” the chillers in the morning.

Electric Savings Safety Factor: Q.73
Natural Gas Savings Safety Factor: 0.73




MODELING NOTES
ARAPAHOE COUNTY - ACJC ADMIN Il BUILDING

ECM Run: Replace the Existing Boilers

Cooling Equipment Tag Itern Changed Previous Run Input Current Run Input
HW Bailers Equipment Type Atmospheric Boiter Gas Fired Hot Water Boiter
(69% Efficlent Energy Rate) {79% Efficient Energy Rate)

Previous Run {Upgrade Exi‘sting EMCS Run):

Annual kWh Usage: 1,414,100
Annual kW Usage: 4,581
Annual Therms Usage: 20,011
Current Run (Raplaca the Existing Boilars Run):
Annuat kWh Usage: 1,422,959
Annual kW Usage: 4,605
Annual Therms Usage: 17,568
Savings (Repiace the Existing Boilers Savings}:
Annual kWh Savings: -8,859
Annual kW Savings: -24
Annual Therms Savings: 2,443
Notes:

1. The negative kW and kWh savings is the energy used by the forced draft burner on the new boiler.

Electric Savings Safety Factor: 0.73
Natural Gas Savings Safety Factor: 0.73



ELV'ST
loL'sz
9EE' LT
[o] 821
2i8°Z1
PAG'TL
pig'al
1L
24122
OLL'PE
08E'eT
ve0' L2

29(] AON 190 deg Bny  Inp sunp Aely idy s gsq  uep o L TTLTRC
— * — — — — E— 0 0B0'€04'Z 0Z6'LLL 000'GLP'E
£58's02'E 0Z6' 144 CLT'LL5'E
006's L0B'008'E 0Z&'1LLL 1TITLS'Y
_ 019991 LBY'8T L6V 651 000'69L L91°GB0'G
o000 Ti1TYR'E BEG'L9E'L 686°965 DOD'63.2 LgL'ole'y
[ouieseg Mo e - . 9z8'5L0'E 1su'er'L 158'612 CO0'69L 219'F05'y
: - 000°GL 7 §T.'800'E OFL'THL'L opl'eLe 000'89. LIV LSL'Y
PSPOR: — - - ISY'EES'E 260'5ER 26000 D0O'BYL 625'99¢8'S
suljpseg coo'0Z a Z19'902'F PLY'224 riv'e 600'69. 992'¥B6'y
. ¥BL'TYS'E 0Z6'LLL 0Z6° 000'69,2 PRIV
ouo'sz | ggo'seze 0z8'LLL 0zs'T 000594 000" 120
. 995'¥86°L 0ze'lLs 98v'954'Z
- 000'0E J C .mwmm :
| L goo'se 7 v
_ 12l o6 000'69¢
%Se %S9 5l oBt il Z6% 000'GZ | TR
%52 %G9 S5 08t e alg 000" 261 Aipune
%GH %G9 joied otl zee rey 000'2SY dljsewog
Aousyy  Acuapyy 13 1m7 i
Japog 131108 Jandmingy
AN
S PA
ZE1'66E'9]
085'42L'S1
ZES'EZSY'EL
PEY'§90°6
SYTLLLL
ZER'LI6'D
TE5'VYE'R
09.°Z¢L'D)
YO LGETL
961" 199'y
orLyLlig)
PO0'QEL'SL

%G8
Aousoyz
Bunesay .
MON

SWIBL | 65Y'EZ SPIBA £47 JO Jopeg Avjes X

%S9
Aousioyg
Sunean
Bungixa

O00'E0Z
%SE
Vo

LGE2E

72T
SEL'ZE

000°08G
Zz
4830

MHQA sBuines jejo1
MHH sBuines ejo1,

oag
AON
j=lo]
dag
By
np
aung
Aepy
Jdy
e
gag
uer

000'0ZL

000’261

000'Zsy
pajenoes

poipL

s

237
AN
R0
dag
By
Inf
aunr
Aeipy
y
dey
qad
uel

000052

48

YFUANIO NOILNALAQ Or OV






ECM 7- Install a New VFD on the Existing Exhaust Fan

Please refer to the Energy Conservation Measure (ECM) section of this report for
additional information.

Existing Condition to Warrant an ECM Opportunity:

The two main air handling systems (AH-3 and AH-4) at building 01-Administration
Building are variable air volume (VAV) reheat systems. The supply fans on each unit are
equipped with variable frequency drives (VFD’s) that modulate the speed of the fan in
accordance to the building’s heating/cooling load. But, the exhaust/return fan on each
unit 1s constant volume — it operates at 100% of it capacity at all times. The installation

of a VFD on the exhaust/return fan shall enable the fan to operate in the same manner as
the supply fan.

Savings Calculation Methodolgy:

The implementation of this ECM shall result in electrical savings. The first step in the
savings calculation was to determine what the heating and cooling loads are for each air
handling unit. These loads were calculated utilizing a Trane Trace building simulation
model. Once the loads were calculated then the new exhaust/return fan energy (with the
VED installed) required at each load condition was calculated. The new fan energy
consumption was then subtracted from the existing fan energy consumption.




Install VFD on AH-3 Return/Exhaust Fan Savings Calculation

Total Run Hours (6am to 6:30pm, M-F):
% Total Gooling Run Hours:
% Total Heating Run Hours:

.49
0.51

3,259

Cocling Peried Electric Savings

Percent Run
Design | Capacity | Howrs Run Exist. Fan | New Fan kw kWh
Load: {Tons): {%}: Hours: KW: KW Savings: | Savings: |
0-5 5.79 0 0 6.51 0.59 5.92 0 ‘
5-10 11.58 0 0 6.51 0.59 5.92 0
10-15 17.37 0 0 6.51 0.59 5.92 0
16 - 20 23.15 0 0 6.51 0.59 5.92 4}
20-25 28.94 G 0 6,51 0.59 5.92 0 i
25-30 34.73 0 0 6.51 0.59 5.02 0 ]
30-35 40.52 O 0] 6.51 0.59 5.92 4]
35-40 46.31 0 0 6.51 0.59 5.92 0
40 - 45 52,1 0 ] 6.51 0.59 5.92 0
45 - 50 57.89 0 0 6.51 0.8t 5.70 0
50 - 55 63.67 4 0 6.51 1.08 £.43 0
55-60 69.46 2 32 8.51 1.41 5.10 163
| 60-65 75.25 26 416 6.51 1.79 4.72 1,966
| 65-70 81.04 18 288 6.51 2.23 4.28 1,232
70-75 86.83 10 160 6.51 275 3.76 802 ||
75- 80 92.62 13 208 6.5t 3.33 3.18 B61
80 -85 98.41 3 48 6.5% 4.00 2.51 121
85-90 104.18 6 96 6.51 4.75 1.76 169
{ 90-95 109.88 B 128 6.51 5.58 0.93 119
“ 95-100 115.77 15 240 | 6.51 §.51 0.00 G |
. Total Cooling Period kWh Savings: 5,034
Heating Period Electric Savings
Percent Run ‘
Design | Capacity | Hours Run Exist. Fan| New Fan KW kWh
Load: {BtufHr): {%o): Hours: kW: KW Savings: | Savings:
0-5 -65,602 12 199 6.51 0.59 5,82 1177
5-10 | -134,204 7 116 6.51 §.59 5.92 687
10-15 | -196,806 7 118 6.51 0.59 5,92 687
15-20 | -262,408 15 245 5.51 (.52 5.92 1,472
20 - 25 -328,010 11 182 6.51 (.59 582 1,079
265-30 | -393.612 10 166 §.51 0.59 5.02 981
30-35 | -458,214 8 133 6.51 0.59 5.92 785
35-40 | -524,817 5 83 6.51 .99 5.92 491
40-45 | -520,419 3 50 6.51 0.59 5.92 204
45-50 | -656,021 2 33 6.51 0.81 5.70 189
5G-55 | -721,623 3 50 6.51 1.08 5.43 270
55-60 [ -787.225 0 0 6.51 1.41 5.10 Q
60-65 | -B52827 G 0 5.51 1.79 472 0
65-70 | -918,429 0 0 6.5% 2.23 4.28 0
70-75 | -884.031 0 0 6.51 2.75 3.76 0
| 75-80 [-1.049.633 1 17 6.51 3.33 3.18 53
80-85 |-1,115,235 2 33 6.51% 4.00 2.51 83 |l
85-90 |-1,180,837 0 0 6.51 4.75 1.76 0 |
90 - 95 |-1,246,435 1 17 6.51 5,58 0.93 15
95 - 100 | -1,312,041 12 199 8.51 6.51 0.00 0
Total Heating Period kWh Savings: 8,262

ITOTAL KWH SAVINGS:

13,296 |




Install VFD on AH-4 Return/Exhaust Fan Savings Calculation

Total Run Hours (6am to 6:30pm, M-F): 3,259
% Total Cooling Run Hours: 0.49
% Total Heating Run Hours: 0.51

Cooling Period Electric Savings

Percent Run
Design | Capacity | Hours Run Exist. Fan | New Fan KW KWh
Load: {Tons): (%) Hours: kW: kW; Savings: | Savings: |
0-5 4.86 0 0 6.51 0.59 5.92 0
5-10 9.72 o] 0 6.51 0.59 5.92 [¢]
10 - 18 14.67 0 0 6.51 0.59 5.82 0
15-20 19.43 0 0 6.51 0.59 5.92 0
20-25 24.29 0 0 6.51 0.59 5.92 Q
25-30 29.15 0 0 6.51 0.59 5.92 0
30-35 34.01 0 0 6.51 0.59 5.92 0
35-40 38.87 0 O 8.51 0.58 5.92 0
40 - 45 43.72 0 0 6.51 0.59 5.02 0
45 - 50 48.58 0 0 6.51 (.81 5.70 0
50 -55 53.44 0 0 6.51 1.08 543 0
55 - 60 58.3 1 16 6.51 1.41 510 82
60 -65 £63.16 23 371 6.51 1.79 4.72 1,750
§5-70 68.02 12 193 6.51 2.23 4.28 827
70-75 72.87 13 209 6.51 2.75 3.76 788
75-80 77.73 7 113 B8.51 3.33 3.18 358
80 -85 82.59 9 145 6.51 4.00 2.51 364
|| 85-¢80 87.45 3 48 6.51 4.75 1.76 85
90 - 95 92.31 9 145 6.51 . 5.58 0.93 134
95 - 100 97.16 23 371 51 -~ 6.51 0.00 0

Total Cooling Period kWh Savings: 4,389

Heating Period Electric Savings

Percent Run

Design | Capacity | Hours Run Exist. Fan | New Fan kW kWh
Load: (Btu/Hr): (Yo): Hours: KW kW: Savings: | Savings: |

0-5 -54,819 5 82 6.51 0.59 5.92 487

5-10 | -109,639 7 115 6.51 0.59 5.92 682
10-15 | -164,458 11 181 6.51 0.59 5.82 1.072
15-20 -219,277 15 247 6.51 0.59 592 1,462
20-25 -274,096 18 297 6.51 0.59 5.82 1,755
25-30 | -328.816 12 198 8.51 (.59 5.92 1,170
30-35 | -383,735 5] 99 6.51 0.59 5.92 585
35-40 -438,554 3 49 6.51 0.59 5.92 292
40-45 | -493,374 1 16 6.51 0.59 5.92 97
45- 50 -548,193 3 49 6.51 0.81 5.70 282
50-55 | -603,012 0 0 6.51 1.08 543 g
55-60 | -657.831 1 16 6.51 1.41 5.10 84
60 - 65 -712,651 0 0 6.51 1.79 472 0
g5 - 70 -767,470 2 33 6.51 2.23 4.28 141
70-75 | -822,289 1 16 8.51 2.75 76 62
75-80 | -877,109 1 16 6.51 3.33 3.18 52
80 -85 | -931,928 0 0 6.51 4.00 2.51 0
85 - 90 -986,747 0 0 6.51 4.75 1.76 0
9G-95 [-1,041,568 0 Y 6.51 5.58 0.93 0

95 - 100 | -1,096,386 14 231 5.5% 6.51 0.60 9]

Total Heating Period kWh Savings: 8,226

[TOTAL KWH SAVINGS: 12,615 |
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ECM 8 — Install a VFD on Existing Vane Axial Fan

Please refer to the Energy Conservation Measure (ECM) section of this report for
additional information.

Existing Condition to Warrant an ECM Opportunity:

The two main air handling systems (AHU-1 and AHU-2} at building 35-ACJC
Courthouse are variable air volume (VAV) reheat systems. The supply and return fans
on each unit are vane axial fans that modulate the airflow in accordance to the building’s
heating/cooling load. These two air handling systems are also equipped with evaporative
heat recovery systems. The coils and evaporative cooling pads in the heat recovery
system have “scaled up” so bad that the fans have to operate at nearly 100% of their
capacity at all times in order to provide enough air pressure to deliver the appropriate
amount of air, The maintenance staff has recently cleaned up the heat recovery system so
that the fans don’t have to operate at 100% capacity at all times anymore. This ECM
concerns recognizing the energy savings that have resulted from the cleaning of the coils
and pads. Also, a VFD shall be installed on each fan motor and the existing vanes shall
be locked in the 100% open position.

Savings Calculation Methodolgy:

The implementation of this ECM shall result in electrical savings. The first step in the
savings calculation was to determine what the heating and cooling loads are for each air
handling unit. These loads were calculated utilizing a Trane Trace building simulation
model. Once the loads were calculated then the new supply and return fan energy (with
the VFD installed) required at each load condition was calculated. The new fan energy
consumption was then subtracted from the existing fan energy consumption.
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Percent
Design
Load

0-5
5-10
10-15
15-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60 -85
65-70
T0-75
7580
80-85
85-90
90 -95
95100
Hotrs Off

Pearcent
Design
L.oad

0-5
5-10
10-15
15-20
20-25
25-30
30-35
35-40
40 - 45
45-50
50-85
55-60
680 -65
65-70
7Q0-75
75-80
80-85
85 -60C
90-95
95100
Hours Off

Trane Trace Load Profiles for AHU-1 & AHU-2 at the ACJC Courthouse

= Cooling Load ----
Cap. Hours Hours
(Tons} (%)

4.67 0 0
9.34 1] 0
14 0 4]
18.67 0 0
23.34 V] 0
28.01 Q 0
32.68 a 0
37.34 Y Q
42.01 0 Q
46.68 0 0
51.35 0 0
56.01 1 22
60.68 5 87
65.35 11 193
70.02 46 851
74869 16 294
79.35 8 154
84.02 3 56
88.69 3 49
93.36 7 125
0 0 6929
1,831
---- Cogling Load ----
Cap. Hours Hours
{Tons) (%}
4.94 0 0
9.88 ¢] 0
14.82 0 0
19.75 0 0
24.69 0 0
29.63 0 0
34,57 0 0
39.51 0] 4]
44.45 0 0
49.39 0 0
54.32 0 0
59.26 0 4]
64.2 2 42
69.14 2 45
74.08 7 129
79.02 1¢ 357
83.95 34 627
88.89 1% 295
93.83 7121
98.77 12 215
i 0 6928
1831

AHU-1 Htg. & Cig. Load Profile

---« Heating Load ---- - Cooling Airflow -
Cap. HMours Hours Cap. Hours Hours
(Btuh) %} (CIm} (%)
-68871.42 g 320 4632.72 0 0
-137742.84 9 339 026545 Q 0
-206614.27 10 354 -13898.17 Q 0
-275485.69 11 393 18530.89 0 0
-344357.09 14 505 23163.62 0 0
-413228.53 g 342 27796.34 0 0
-482099.94 4 151 32429.06 0 0
-550971.38 7 251 37061.79 0 0
-619842.75 5 164 41694.51 0 0
-688714.19 5 1B4 46327.23 o] 0
~757585.62 1 44 5095996 ¢ 0
-826457.08 1 32 5550268 o 0
-895328.44 2 60 6022541 0 0
-064199.88 1 31 64858.13 0 0
-1033071.31 0 12 69490.85 0 0
-1101842.75 1 38 74123.58 0 0
~1170814.12 1 16 78756.3 93 4483
-1239685.5 0 18 83389.02 2 80
-1308557 10 365 88021.75 2 81
~1377428.37 1 0 92654.47 3 159
0 0 5138 0 0 3957
3,622
5,453
AHU-2 Htg. & Clg. Load Profile
-+-- Heating Load ---- ---- Cogling Airflow --~
Cap, Hours Hours Cap. Hours Hours
{Btuh} (%) {Cfrn} {%)
~74598.27 2 81 5575 0 0
-149196.55 7 259 11150.01 0 0
-223794.83 8 314 16725.01 0 a
-288393.09 10 356 22300.02 ¢ 4]
-372991.38 9 332 27875.02 0 0
-447589.66 9 331 33450.03 0 0
-522187.94 8 281 39025.03 0 0
-596786.19 11 417 44600.04 0 0
-671384.56 6 237 50175.04 0 0
-745982.75 5 197 55750.04 0 0
-820581.06 8 286 6132505 0 0
-895179.31 4 147 B6900.05 0 0
-969777.56 2 62 72475.05 0 0
-1044375.87 ¢ 3 78050.06 0 0
-1118874.12 1 26 83625.06 0 0
-11935672.37 0 3 89200.07 91 4373
-1268170.75 0 10 94775.08 3 143
-1342769 1 25 100350.1 1 48
-1417367.25 g 337 1059251 0 1¢
-1481965.5 0 0 111500.1 5 220
0 0 5056 0 0 3857

3704
5535

- Heating Airflows--
Cap. Hours Hours
(Cfm) (%)

1309 .43 8 293
2618.87 @ 327
3028.3 10 352
5237.74 7 270
654717 12 457
7856.61 11 393
9166.04 8 288
10475.48 5 168
11784.91 6 208
13094.35 5 170
14403.78 3 127
15713.22 1 3
17022.65 1 32
18332.09 2 60
19641.62 1 31
20950.96 0 12
22260.38 1 38
23569.83 1 14
24879.26 0 8
26188.7 10 375
0 0 5103

- Heating Airflow----

Cap. Hours Hours
{Cfm} (%)

1430.03 3 108
2860.06 6 221
4290.08 7 267
5720.12 g 324
7150.15 8 289
8580.18 B 313
10010.21 8 330
1144023 6 228
12870.26 10 361
14300.29 7 254
16730.32 6 212
17160.35 7 243
18590.38 3 18
20020.41 2 58
21450.44 0 3
22880.47 1 26
243105 0 3
25740.53 0 10
27170.56 1 25
28600.59 9 337
0 0 5029






ECM 10~ Install an A/C Unit to Serve Computer Equipment Room

Please refer to the Energy Conservation Measure (ECM) section of this report for
additional information.

Existing Condition to Warrant an ECM Opportunity:

Currently, there are multiple computer equipment rooms located throughout building 37-
ACJC Administrative Il that require cooling 24 hours a day, seven days a week. So, two
of the building’s main air handling units (AHU-3 and AHU-5) have to operate at all times
in order to provide cooling to these rooms. The installation of individual A/C units to
serve each room will eliminate the need to operate the two main air handling systerns 24
hours a day, seven days a week.

Savings Calculation Methodoigy:

The implementation of this ECM shall result in both electrical and natural gas savings.
Two different Trane Trace building energy simulation models were developed to
calculate the energy savings for this ECM. The first model was developed to reflect the
existing energy used by AHU-3 and AHU-5 to provide cooling to the computer
equipment rooms at all times. The second model was created to reflect the energy used
by individual A/C units (air-cooled, split systems) to provide cooling to the computer
equipment rooms. The annual energy consumption calculated from each model was
subtracted from one another to produce the annual energy savings.
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MODELING NOTES

ARAPAHOE COUNTY - ACJC ADNMIN H BUILDING

ECM Run: Upgrade Existing EMCS

Fan System Item Changed Previous Run input Current Run input ]
AU Fan Schedula M-F: 7am-10:30pm; Sat-Sun: OFF M-F. 7am-8:30pm; Sat-Sun: QFF
AHU-2 Fan Schedule M-F: 5:30am-10:30pm; Sat-Sun: OFF M-F: 5:30am-8:30pm; Sat-Sun: OFF
AHU-4 Fan Schedule M-F: Yam-1Q:45pm,; Sat-Sun: OFF M-F: Tam-8:30pm; Sat-Sun: OFF
AHU-6 Fan Schedute M-F: 7am-11pm; Sat-Sun: 8am-5pm M-F: 7am-8:30pm; Sal-Sun: Bam-5prr

Previous Run [New Lighting Run):

Annual kWh Usage: 1,439,677
Annual kW Usage: 4,563
Annual Therms Usage: 22,704
Current Run [Upgrade Existing EMCS Run);
Annual kWh Usage: 1,414,100
Annuat kW Usage: 4,581
Annual Therms Usage: 20,011
Savings (Upgrade Existing EMCS Savings):
Annual KWh Savings: 25,677
Annual kW Savings: -18
Annual Therms Savings: 2,699
Notes:

1. The negative kW savings is the resuit of the chiiler have to work harder in the rernings due {p the schedule change.
These negalive savings shail not be accountad for since the upgraded EMCS shall cocl each space down gradually

without having to "overipad" the chiliers in the morning.

Electrlc Savings Safety Factor: 0.73
Natural Gas Savings Safety Factor: 0.73




MODELING NOTES

ARAPAHOE COUNTY - ACJC ADMIN li BUILDING

ECM Run; Replace the Existing Boilers

Cooling Equipmenﬁ'ag ltem Changed Previous Run Input

Current Run Input

HW Boilers Equipment Type Atmospheric?ﬁoiler
{63% Efficient Energy Rate)

Gas Fired Hot Water Boiler
{79% Efficient Energy Rate}

Previous Run [Upgrade Existing EMCS Run):

Annual kWh Usage: 1,414,100
Annual kW Usage: 4,581
Annual Therms Usage: 20,011
Current Run {Replace the Existing Boilers Runj}:
Annual kWh Usage. 1,422,059
Annual kW Lisage: 4,605
Annual Therms Usage: 17,568
Savings {Replace the Existing Boilers Savings):
Annual kWh Savings: -8,859
Annual kW Savings: -24
Annual Therms Savings: 2,443
Notes:

1. The negative kW and kWh savings is the energy used by the forced draft burner on the new boller.

Electric Savings Safety Factor: .73
Natural Gas Savings Safety Factor: 0.73




MODELING NOTES

ARAPAHOE COUNTY - ACJC ADMIN i BUILDING

ECM Run: [nstall an A/C Unit to Serve the Computer Equipment Room

AMU-3 Fan Schedule

AHU-5 Fan Schedule

Create A New Cig. Plant Equip. Type/Category

Energy Rate

24 Hours/Day, 7 Days/Week

24 Hours/Day, 7 Days/Week

None
None

ASSIGN ROOMS 2 & 3 TO THE NEW COMPUTER

Fan System/Clg. Ecuip. itern Changed Previous Run Input Current Run Input
Rm 6 - AHU-3 Cooling Driftpoint 72 a0
Rm 8 - AHL-5 Cooling Driftpoint 72 80
Create A New Fan System System Type None Caomputer Roem Unit
Fan Cycling Schedule None Cycle With Cooling Loads Only
Fan Schedule None

Available (100%)
ROOM UNIT FAN SYSTEM

M-F: 5am-8:30pm; Sa¢-Sun: OFF
M-F: Bam-8;30pm; Sat-Sun: OFF

Air-Cooled Unitary

1.237 kW/Ton

ASSIGN THE CLC-l} COIL FOR THE NEW COMPUTER ROOM UNIT TO THIS CLG PLANT

Previous Run {Replace the Existing Boilers Run):

Annual kWh Usage: 1,422,959
Annual kW Usage: 4,605
Annual Therms Usage: 17,568

Cusrent Run {install New AJC Units Run):
Annual kWh Usage:

1,371,450
Annual kW Usage: 4,638
Annual Therms Usage: 14,341

Savings (Instajl New A/C Units Savings):
Annual kWh Savings: 51,509
Annual kW Savings: -34

Annual Therms Savings: 3,227

Nofes:

1. The negative kW savings is the energy used by the new A/C units,

Elegtric Savings Safety Factor;

0.73
Natura! Gas Savings Safety Factor:

073
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ECM 12— Install Water Softener

Buildings Included -
v ACIC Administration [I
v" ACJC Detention Center
v" ACJC Courthouse

Spreadsheet savings used (see attached).

For the Justice Center (ACJC Courthouse) the building water usage was modeled. The
modeling notes can be seen in the ECM 2 section.

The two penthouse air handlers utilize indirect and direct evaporative heat recovery
system as well as a direct evaporative cooling section. Cooling is supplemented with a
chilled water cooling system that utilizes a cooling tower. The heat recovery system has
never worked correctly in either air handler. The hard water has clogged the direct side
media with so much mineral the pads have virtually turned to stone. On the indirect side
the nozzles have corroded and leaked over the years making this system use an
abundance of water, This recovery coils have so much mineral in them it has restricted
air flow through them. The maintenance staff has been forced to open the service doors
to allow air pressure to be relieved. The heat recovery system has been disabled as of ast
fall and water usage has plummeted.

The cooling tower has been operating on a 1.7 cycle or virtually a once through water
vessel (as confirmed through the service representative). The bleed line was measured at
a rate of 4 gallons per minute to confirm. With the implementation of the water softener
the cooling tower will be able to operate in excess of 5 cycles thus saving an immense
amount of water.

As both of these cases are relatively difficult to calculate savings a baseline comparison
method was used. The baseline water usage (Section 2) for this factlity was compared to
modeled usage. A .7 safety factor was applied to these savings to be conservative.

For the Detention Center a spreadsheet calculation was also used. There are currently
sixteen rooftop units that use direct/indirect evaporative cooling. As the case at the
Courthouse the nozzles on the indirect side are constantly calcifying and leaking. The
direct side media is also filling with mineral at an alarming rate. The staff has cut the
overflow pans to constantly allow water to drain in each air handler. Thisis a
tremendous waste of water. It was estimated that approximately 1 gpm of water was
being wasted per unit. With the installation of water softeners for the evaporative cooling
units the pans will be fixed and blow down controls will be installed on each unit.



Arapahoe County’
Dentention Center
Water Softenner Savings

BILLING
DATA
Average last Total Water
year Days per | GPM per | Number of Saved
Gallons month Unit Untis kGals
Jan 2,756,486
Feb 4,021,000
Mar 4,314,714
Apr 4,984 286
May 3,368,529 31 1.0 16 714
June 4,151,471 30 1.0 16 691
Jul 4,564,677 31 1.0 16 714
Aug 4,210,161 31 1.0 16 714
Sep 5,085,161 30 1.0 16 691
Qct 4,572,727 31 1.0 16 714
Nov 3,977,273
Dec 3,475,000 \
49,481,485

4,239

1) Drian pan of each unit was cut to allow water to "bleed” off.

2) Several units were observed fo be flowing in excess of 1 gpm.

3) With new water softener the pans will be replaced and water will be able to

be re-used.

4) Above does not include water savings for increaded efficiency of evaporative cooling.



ArapahoeCounty Justice Center

ILUNG DATA
Average'lgst:| Work days | Sesitory Woter Use Non Wegther
g L |year Gollons| oer month Model Wiichen reloted tofol | Boseline Balonce | Golions Soved
Jan 125,627 22 119,038 9,17 128,165 ST2173 306,584 45,312
Feb 514,933 I 107,518 4,175 16,645 572,118 07,015 40927
Mar 565,524 72 19,088 9125 28,164 512173 6,285 45,312
Apr 563,143 71 15,158 ui25 24 323 512173 447945 45,890
tMay 583,824 22 8,038 8125 28,163 Si2 1713 264 /86 45,312
Jung 486,176 21 5198 9,125 24,323 912173 370878 45,550
Jul 667,161 22 9038 9129 129,163 RIVAYA! B 173 45,317
Alg 153075 27 908 9,125 128,165 202,13 go4,03/ 45,512
Sep 198,743 2 5,198 9,125 124523 . 572 543975 45,850
Oct 589,567 22 9,038 9,125 128,163 572173 570,925 49,317
Nov 817,494 21 5,198 9,125 174,373 572173 507,296 43 850
Jec 18317 22 9038 9125 128,163 572173 564,174 49,312
- 7727800 761 1,401,571 15,000 1,013 781 6,866,073 5,826,328 533,511
|
¥
Non o
Noa Sonitory | Sanitery Evaporative S todel tolal o Sovings From
Use Use Kool ice maching coolers Leundry Totol Modet Totgl | Balance {qg!) bifiing Qriginal Boseling
Jan 306,584 307 { i 0 i 28,163 749/.458 0% 287459
teb 407,15 447 i} i} 0 i 16,643 59/,890 23% 347,890
Mor 446,786 446 0 ] 0 0 78,163 437,161 237 437,161
Apr 447945 443 1] 4,977 0 4,512 128.895 434,748 25% 434,748
May 264,786 265 0 57,973 0 52219 180,742 203,082 477 203,082
Junie 370,978 37 0 08617 [§ 08,617 457 540 53,238 3% 53,238
Jul 548123 548 ] 396,658 0 596,558 174877 -5/ 661 109% -9/,661
Aug 654,037 554 i 96,673 0 496,073 674,236 148,838 817 148,839
Sep 643,575 54 i 30,309 0 130,305 254,678 504,145 4% 504,145
Oct 570525 57 0 0 [y a 128,163 561.400 18% 961,400
Nov 502,296 502 0 0 ¢ i) 174,373 495171 0% 493,141
Dee 064,174 664 1] { { 3] 128,163 605,049 16% £55,049
5,876,379 9,820 1 1,588,806 [i] 1,094 637 S0 8/ 4,128,025 43% 4,128,023
1585.805762
200,000
800,000 - Model Total
700,000
- BILLING DATA
600,000 Average last year
500,000 Gallons
i —-Non Weather
400,000 - related total
300,000 T ~— Baseline
200,000
100,000
0
1 2 3 4 5 6 7 & 9 10 11 12
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ECM 13 — Install Waterside Economizer

Buildings Included —
v Administration I

Spreadsheet savings used coupled with Bin Data (see attached). The spreadsheets were
broken into three parts:

s January through April
e May through October
* November through December

These were broken into three sections as operating variables can change per season in
some buildings such as schedule or lock-out temperatures. The intent was to capture all
these variables in the most conservative fashion. All variables were received from
operations personnel.

Demand savings was only taken in the winter months when little cooling is needed.

Savings was calculated for reduced run times on the chillers. Currently the staff operates
the chillers on the following schedule:

Monday through Friday 5:00 AM to 11:00 PM
Saturday and Sunday 8:00 AM to 4:00 PM

This spreadsheet takes into account the benefit of utilizing the plate & frame heat
exchanger during low wet bulb conditions or approximately up to 43°WB under certain
conditions.
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ECM 16 — Irrigation Control System Upgrade
Administration Building 1:

The water economy at the Administration Building 1 is divided between sanitation
services, cooling tower make up water, ice machine, irrigation and boiler water make up.

Sanitary water use is calculated based on survey observations of fixture type capacity and
condition, population levels integrated with schedules.

Because of seasonal variability in water use rates due to cooling tower and irrigation
demand, the year round monthly use rate of samtary water us is assumed to be at the
winter month levels when the only other water use is boiler water makeup (which in
normally very low) and the ice machine.

The warm weather increase in water use rates in due to the cooling tower and irrigation
usage. The seasonal water use by the cooling tower and irrigation is easily discerned
from the water use curve. The cooling tower usage was determined by hand calculations
using Denver dry bulb and wet bulb historical data and using a psychometric chart to
estimate the evaporative losses. Theses results where compared to water tower water
consumption results in the Trane Trace computer model.

The urigation use was assumed to be the balance of the water consumption:

frrigation Use = Total Usage — Sanitary — HVAC — Tce Machine.

Administration Building 1 has 3.1 acres of irrigated landscape. The irrigated areas
include lawn and landscaped area near and between the buildings and area bordering the
parking lots and entry roadways.

Two Rainmaster Sentar ™ RME timers, control the system. The maintenance staff has
set up the system so that each zone is set to ensure the lawn area it serves remains green
during the summer months. This is a proven method of maintaining turf, but often leads
to over watering.

The water use requirements for turf maintenance vary over the summer. For the purposes
of this study, precipitation requirements were calculated from the evapotranspiration rates
typical to Denver, actual rain data for 2004 with the assumption that turf applied to the
tawn is comprised of cool season grasses.

The gallons per day required was calculated by the following formula:
Irrigation required (in) = (ETo x Kc ) ~ Precipitation (in)
ETo - reference evapotranspiration rate from weather data

Kc - Crop coefficient. A constant applied to correct for the transpiration losses for a
particular planting or crop. In this case the “crop” is cool season turf, i.e. eastern
bluegrass.

Precipitation — Denver average precipitation



Cumulative modeled water use,
Gallons

Water savings for this measure is 75% of the difference between the modeled water use
and the calculated water requirements of the landscape.

The following chart illustrates the results of the various components of the water model
as a stacked area plot; each calculation result is shown as a solid area on the chart and
scaled oun the left side. The billing data 1s represented by the solid line and is scaled on
the right stde. The chart demonstrates that the sum of the models is a well within the
billed usage. The ice machine usage was calculated to less than 800 gallons per month
and does not show on this chart.

Admin 1 lrrigation

1,000,000 1,000,000
900,000 900,000
800,000 800,000 3t I
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700,000 700,000 o required
600,000 5
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500,000 | 500000 G
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=
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ECM 16 - Irrigation

Justice Center Irrigation:

1. General:

A.

There are four meters serving the irrigation system at the Justice Center
complex. The irrigation system is one network that can be served by any
number of four meters feeding the system. As the demand increases, the
maintenance staff turns on valves associated with additional meters. All
urigations services share four meters. The meters are read monthly.

Justice Center Building has on a 1,944,000 sqft. (45 acre) parcel. The
total area not occupied by buildings or covered with pavement is 25 acres.
The building maintenance measured the irrigation area to be 176,000
square feet. The irrigated areas include lawn and landscaped area near and
between the buildings and area bordering the parking lots and entry
roadways. Areas west of the detention center, north of the north parking
lot, and certain areas east of the northeast parking lot and north east of the
Administration 1 building are not irrigated.

Three Rainmaster Sentar ™ RME timers, 2 with 36 zones and one with 24
zones, control the system. The maintenance staff has set up the system so
that each zone is set to ensure the lawn area it serves remains green during
the summer months. This is a proven method of maintaining turf, but
often leads to over watering.

The water use requirements for turf maintenance vary over the summer.
For the purposes of this study, precipitation were requirements calculated
from the evapotranspiration rates typical to Denver, actual rain data for
2004 and assuming turf applied to the lawn is comprised of cool season
grasses. The following graph shows the moisture requirements relative to
the irrigation applied according to the irrigation billing data.

/%
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The Gallons per day required was calculated by the following formuia:
Irrigation required (in) = (ETo x Kc ) — Precipitation (in)
ETo - reference evapotranspiration rate from weather data

Kc - Crop coefficient. A constant applied to correct for the transpiration
losses for a particular planting or crop. In this case the “crop” is cool
season turf, i.e. eastern bluegrass.

The second y-axis illustrated rainfall is 2004. There is an indication from
the data that some control is being applied to the system in that a drop in
the water use rate accompanies the spike in August rainfall. In general,
however, there appears to be room for improvement and optimization on
the system. The water use rates greatly exceed requirements for most of
the season.

There is a 3600 square foot area nearby the day program entry way
irrigated using water from the detention center meter with its own timer
and controls.
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ECM 17 ~ Programmable Flush Valve Controls

General:

Domestic Water usage for the Detention Center was modeled using population figures,
staff, inmates, and visitors, occupancy schedules, fixture usage rates as determined in the
survey and average estimates of fixture usage. The model 1s then compared to the
metered usage and reasonable adjustments to the model are made to reflect the metered
usage. In general, the fixture rates were adjusted to bring the model rates safely below
the metered rates. After matching the water model to the building use, various water
conservation scenarios were applied to the model to analyze potential savings.

The water usage is determinedby:
(Number of People) X (Fixture Rate) X (Uses per Day) X (Days Occupied per Year)

Visitor populations were also included. Visitation period was assumed to be for 2 hours
for the detention center, and then the population was normalized to an 8 hr day and added
to the given population figure using the following formula:

* (Number of Hotrs Visitation) = (8 hours) X (Visitors/Day) = Norimalized Visitor Population

Fixture use rates:

There were some adjustments made to the fixture rates to bring the modeled usage in line
with the metered data. Some of the adjustments were downward (lower GPF). Some were
adjusted upward; this is justified as long as all water is accounted for. Maladjusted flush
valves and leaking tank valves can account for significant losses. Also, where there was
a mix of fixtures, a weighted average was applied to the model, which also lowered the
modeled fixture rate.

The following table illustrates the uses per day per person used in the models.

Uses per day Inmates Staff Visitors Units
Male Female Male Female Male Female

Toilet 2 12 i 5 1 5 Flushes

Urinal 0 0 4 0 4 0 Flushes

Lav Faucet 1 i 2 2 2 2 Minutes

Shower (M F) 10 0 0 0 0 Minutes

*Based on: "A Water Conservation Guide for Commercial Institutional and Industrial
Users", Water Use and Conservation Burear, New Mexico Office of the State Engineer.

Schedules are considered only to the extent that the days that the buildings are open and

the building are populated.

Chevron Energy Services

Page 1




Schedules:

- Office (staff and visitors)

~ Detention Center

Work days ) o 20 365

Holidays U VR 1« BN -1
Vacation . 4 A
Total ~ 226 | 341 ;
Population assumptions are listed below: )

? ' Population ’\| Visitors / day | Quantity

s (1) @ of toilets |

P.J. Sullivan Detention Center 195 | 163 71

P.J. Sullivan Detention Center ; |

(Comby) _ i 1215 : 0 | 413

Total : | 484

(1)  Population figures are as given by the Maintenance Staff.

(2) Visitor figures as per Arapahoe County Staff.

The ECM recommended placing programmable flush controls on the existing
combination penal units. Savings were calculated by adjusting the ‘Uses per day’ from

12 per inmate to 8,

Savings =

4,952,530 gallons x .73 (Safety Factor) = 3,613,347 gallons per year

Chevron Energy Services

Page 2
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ECM 18 — Water Reclaim

There are three primary uses of water at the Peoria Shops: sanitary, road maintenance and
vehicle washing. After estimating the sanitary usage in a manner identical to the methods
used to analyze the sanitary water usage at the other buildings, the billing records indicate
that the sanitary usage is a minor component of the total usage. The road maintenance

water use was estimated and the balance of the water use is assumed to be the vehicle-
washing load.

Water usage is determined by:
r Sanitary Usage + Road Maintenance Usage + Vehicle Washing Usage \

The road maintenance usage was estimated using the following assumptions based on
interviews with the road construction staff. '

SirdetSieehard s

Capacity (gallons)

uantity )
Frequency (days each unit filled per year)
Total Usage (product of above) (gallong) |

Cizhili)uacﬂii-;if {zallons) 50

Quantity 3
Frequency (days each unit filled per year) 150
Capacity (gallons) 3000
Quantity 2
Frequency (days each unit filled per year) 0
Total Usage (pmduct of above) (gailons) A

Gallo 81,865

Street sweeper tfrucks go out every working day when it is above 20 °F. The number of
days used accounts for the cold days. The patch trucks work during the summer
construction season and fill or top off their tanks once a day.

There are large 3000 + gallon tank trucks used on road repair and road building projects

for dust control. These trucks are filled at a remote standpipe and Shop water is not used
for this function.

The vehicle-washing component includes washing passenger vehicles and trucks to
maintain a presentable appearance and “mucking” out dump truck and cleaning mud and
grime from the undercarriage. For the purposes of the estimating savings, it was assumed
that the total vehicle wash water usage is divided equally between the vehicle washing
and mucking operations and that 100 % of the mucking wash water would be recycled.



Water Savings:

Tota] Usage — Sanitary Usage — Road Work Usage = Total Vehicle Washing Usage

[ Washing Recycle Savings = Total Vehicle Washing Usage / 2

The electrical usage for the new system is summarized below:

Hp 10 1
kW/HE 0.746 0.746
Load Factor 0.70 0.70
Bfficiency 0.80 0.70

kW (HP x .746 hp/kW x load 6.53 0.75

factor / efficiency)

GPM 25 25
Gallons used for washing 640,000 640,000
Run Time 427 427
Total kWh 318
. - S
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ECM 19 - Laundry Conservation

The savings from the use of an ozone sanitizer comes from water savings produced by reducing
the number of fills in a wash cycle and energy savings produced by the reduction of wash and rinse
water temperatures. The reductions are based on the track record of ozone units installed at other
facilities per manufacturer data and on data gathered from the facility including the quantity and
size of loads and the degree of soiling. The reduction in water volume use and the reduction in
water temperature are the manufactures estimates.

The following assumptions were used in calculating the savings:

Total Pouﬁdé ay
% Light Soil
% Heavy Soil

Was
Light Soil
Heavy Soil

v

Water Temperature °F . . . <=
Street Cal '
DHEW supply

Light Wash
Heavy Wash

\M"'

Gal/th
Ib/day
Gallday

total gals/year
Mod
Gal/lb
Ib/day

Gal/day
totat gals/year

. .T32
267,355

Total Gallons Saved = (2,105,422-1,554,404) + (267,355-215,846) = 602,527
Hot Water Gallons Saved = (1,368,524 — 77,676) + (195,169 — 25,841) = 1,460,176
Therms Saved = (1460*(8.33*(170-55))/1000/0.8) = 1,748






ECM 20— Replace DAHW HX with a New DHW Heater

Please refer to the Energy Conservation Measure (ECM) section of this report for
additional information.

Existing Condition to Warrant an ECM Opportunity:

Currently, the domestic hot water (DHW) for building 01-Administration Building is
produced by a heat exchanger (HX) that is served by the building’s heating hot water
loop. So, the two big natural gas-fired boilers that provide heating hot water must
operate throughout the entire year in order to serve the building’s DHW system. The
replacement of the DHW HX with a stand-alone DHW heater will eliminate the need to
operate the two boilers throughout the entire year, and DHW with a higher efficient
heating source.

Savings Calculation Methodolgy:

The implementation of this ECM shall result in natural gas savings. The first step in the
savings calculation was to determine what the building’s DHW load is. Once the actual
DHW load was calculated than the amount of natural gas that is currently being
consumed by the existing DHW system was calculated utilizing a 70% heating
efficiency. Also, the amount of natural gas that will be consumed by the new DHW
heater to meet the building’s DHW load was calculated using an 85% heating efficiency.
These two values were then subtracted from each other to produce a natural gas savings
that is the result of a higher efficient heating source. Additional savings were calculated
by subtracting the new DHW heater’s summer usage from the billed summer usage

which reflects the natural gas saved by not having to operate the boilers in the summer
months.
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Admin | - DHW Pump EMCS Savings

Existing New kWh
Pump 1D: HP: LF: Efficiency:| kW: Run Hrs: | Run Hrs: | Savings:
DHWP-1 0.17 0.75 0.7 0.13 8,760 3,258 733
HX Pump 0.25 0.75 07 0.20 8,760 3,259 1,089

Total kWh Savings: 1,832

Note: The existing run hours are 24 h/d, 7 d/w. The new run hours are 12.5 h/d, 5 dfw.
These savings shall be added to the EMCS savings that were calculated in the Trane Trace
building simulation model.






‘s

ECM 21 - Change Natural Gas Utility Provider

Savings Calculation Description:

The savings for this ECM resuit from using a cheaper gas rate. The current natural gas utility provider,
Xcel Energy, at Building 13-Arapahoe Human Services charges $0.74946/therm. The new natural gas
utility provider, Seminole Energy Services, shall charge $0.63481/therm.

The doliar savings for this ECM were calculated by taking the difference in the two utility rates ($0.11465/therm)

and muitiplying it the target natural gas usage of the facility. The target natural gas usage was calcuiated with
tne following equation:

Target Natural Gas Usage = Baseline Natural Gas Usage - Total Natural Gas Saved

where,

Total Natural Gas Saved = Total Natural Gas Saved at Building 12-Arapahoe Plaza Building +
Total Natural Gas Saved at Building 13-Arapahoe Human Services + Total Natural Gas Saved at

Building 14-Arapahce Plaza West Building

Note: The natural gas-fired boilers at Building 13-Arapahoe Human Services provide heating to
Buildings 12 and 14, that is why these two buildings are included in the calculation above.



Project: Arapahoe County
Building: 13-Arapahoe Human Services

Natural Gas Usage Baseline
Baseline Units: therms

Account #(s); 93-3441672-8

Meter #(s): 1015025

The CEA Baseline is the Mast Recent Twelve Monihs Data Collected.
The initial Monitoring Baseline will be reviewed and determined tefore the starl of monsoring.

Performance Contract Savings: 16280
New Baseline; 26,216
0.11465 $ 3,086

2004, " -
7,719 .

6,785 5,567 5567 .
4,638 5,364 5,364 5,354
2,333 3,074 3,074 3,074
1,388 2,324 2.324 2,324
587 1,054 1,054 1,064
805 605 605
524 873 873 873
1,193 1,523 1,523 1,623
3,702 3,570 4,028 4,029 4,029
5,787 5918 6,131 6,131 6,131
7,347 6,336 6.336 6.336
Agzars . UABSEZ L T 45081 - 17,247 - 43,196 ) < 43,196






ECM 23 — Energy Resource Conservation Manager

Savings will be achieved through behavioral modifications of occupants (convincing
them to turn their lights off, don’t mess with thermostats, etc.). See ECM write-up #23 in
Section 4 of this Report for more information. The savings for this ECM are stipulated,

Arapahoe County’s utility budget over the past twelve months was $2,274,106 including
water, electrical, and natural gas usage. Table 2-4 in Volume [ of this report illustrates
this.

» The current recommended program estimates that $431,264 in energy savings
thus reducing the energy budget to $1,842,842.

» A conservative estimate of savings for this program is 1% of budget or $18,428.

» $15,000 is used in the program.






| ECM 24 - Replace Cooling Tower
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MODELING NOTES

ARAPAHOE COUNTY - ACJC COURTHOUSE

ECM Run: Upgrade Existing EMCS

Fan System Item Changed Pravious 8un Input Current Bun Input
AH-1 Fan Schedule Changed M-F - 4am-t 1pm, Sat-Sun: 8am-17pm M-F: 5:30am-8:30pm; Sat-Sun: Bam-17pm
AHU-1 Fan Schedule Changed M-F - dam-1 1pm, Sat-Sun: 8am-17pm M-F: 5:30am-9:30pm; Sat-Sun: 8am-17pm
AHIU-2 Fan Schedute Changed M-F ~ 4am-11pm, Sat-Sun: 8am-17pm M-F: 5:30am-9:30pm; Sat-Sun: 8am-17pm

Previous Run (New Lighting Run}:

Annual kWh Usage: 2,189,928
Annual kw Usage: 4,835
Annual Therm Usage: 65,319
Current Run {Upgrade Existing EMCS Run):
Annual kWh Usage: 2,087,853
Annuai kW Usage: 4,835
Annual Therm Usage: 58,576
Savings {Upqrade Existing EMCS Savinys):
Annual KWh Savings: 102,075
Annual kW Savings: 0
Annuat Therm Savings: 8,743
Electric Savings Safety Factor: 0.73

Natural Gas Savings Safety Factor: 0.73




MODELING NOTES
ARAPAHOE COUNTY - ACJC COURTHOUSE

ECM Run: Replace the Existing Boilers

Cooling Equipment Tag ftern Changed Previous Run input Current Run Input
NG Fired HW Boilers Efficiency Atmospheric Boiler Gas Fired Hot Water Boiler
{65% Efficient Energy Rate) {79% Efficient Energy Rate)

Previous Run {Upgrade Existing EMCS Runj:

Annual kWh Usage: 2,087,853
Annual kW Usage: 4,835
Annual Therm Usage: 58,576
Current Run [Replace the Existing Boilers Run);
Annual kWh Usage: 2,098,843
Annual kW Usage: 4,861
Annual Therm Usage; 48 584
Savings (Replace the Existing Boilers Savings):
Annual KWh Savings: -10,990
Annual kW Savings: -26
Annual Therm Savings: 9,992
Notes:

1. The negative kW and kWh savings is the energy used by the forced draft burner on the new boiler,

Electric Savings Safety Factor: 0.73
Natural Gas Savings Safety Factor: 0.73



MODELING NOTES

ARAPAHOE COUNTY - ACJC COURTHOQUSE

ECM Run: Replace Cooling Tower

Cooling Equipment Tag ltem Changed |

Previous Run Input Current Run nput
Water Cooled Chiller Energy Rate '

‘ ~ 0.8536 KW/lon 0.776 kW/ton

Previous Run {Upgrade Existing EMCS Run):

Annual kWh Usage: 2,098,843
Annual kW Usage: 4,861
Annual Therm Usage: 48,584
Current Run [Replace the Cooling Tower Run}:
Annual kWh Usage: 2,091,909
Annual kW Usage: 4,832
Annual Therm Usage: 48,584
Savings (Repiace Cooling Tower Savings):
Annual KWh Savings: 6,934
Annual kW Savings: 29
Annual Therm Savings: 0

Electric Savings Safety Factor:

0.73
Natura) Gas Savings Safety Factor:

0.73






ECM 25 — Retro-commissioning

Details of Retro-commissioning services can be found in ECM write-up #25, located in
Volume 1 of 2 of this Comprehensive Energy Analysis.

Existing Condition to Warrant an ECM Opportunity:

The Sheriff’s Coroners and Centrepoint Facilities are two recently built buildings that
currently have an energy management control system (EMCS). In both cases, the
equipment in these facilities operates during periods of the little or no occupancy. So,
some of the existing operating schedules programmed into the EMCS can be modified to

better maich the actual occupancy schedules, Also much of the HVAC equipment has
fallen out of calibration and is not operating very efficiently.

Savings Calculation Methodolgy:

The savings for this ECM were calculated utilizing two Trane Trace building energy
simulation models. The first model included the existing operating schedules for each
piece of equipment. The second model was modified to include the new operating
schedules to set back areas within the facilities during unoccupied periods. As each
facility utilizes electric reheat the models were also programmed to allow the natural gas
preheat to operate in lieu of the electric reheat during morning warm-up as this 1s a more
efficient way to operate the equipment. This made gas usage increase but saved
considerable amount of electric energy. The annual energy consumption calculated from
each model was subtracted from one another to produce the annual energy savings.

Spreadsheet calculations were performed on the buildings that were not modeled. The
spreadsheet calculations used the same methodology described above.
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MODELING NOTES

ARAPAHOE COUNTY - CENTREPOINT PLAZA

ECM Run: Upgrade Existing EMCS

Fan System Item Changed Pravious Run input Current Run Input
Rm-1 Fan Schedule Changed M-F - Sam-11pm, Sat-Sur: 8am-5pm M-F; Gam-10pm; Sat-Sun: 8am-5pm
Rm-2 Fan Schadule Changed M-F - S5am-11pm, Sat-Sun: 8am-5pm M-F: 6:30am-9pm; Sat-Sun: Bam-5pm
Rm-3 Fan Schedule Changed M-F - Bam-11pm, Sat-Sun: 8am-5pm M-F: 7am-7pm

Previous Run {New Lighting Rtin):

Annual kWh Usage: 2,159,864
Annual kW Usage: 7.078
Annual Therm Usage: 2,190
Current Run {Upgrade Existing EMCS Run}:
Annual kWh Usage: 1,973,822
Annual kW Usage: 7,119
Annual Therm Usage: 2,190
Savings {Upgrade Existing EMCS Savings):
Annual kWh Savings: 186,042
Annual kW Savings: -41
Annual Therm Savings: 0
Netes:

1. Tha negative kW savings is the resuli of the electric reheat coils all coming 100% on in the morning to bring the space lemperatire
ug fram 55F in the morning. These negative savings shali not be accounted for since the EMCS shatl warm each space

up graduaily withaut having to energize each reheat coil to 100% of its capacity.

Electric Savings Safety Factor: 0.73
Maturai Gas Savings Safety Factor: 0.73




MODELING NOTES
ARAPAHOE COUNTY - CENTREPOINT PLAZA

ECM Run: Utilize Natural Gas Preheat

Cooling Equipment Tag

ltem Changed

Heating System 01
Heating System 02

Heating System 03

Preheat Coil Plant Type
Preheat Coit Plant Type

Preheat Coil Plant Type

Previous Run input Current Run Input
Na Preheat Coll NG Preheat Coil
No Preheat Coil NG Preheat Coil

No Preheat Coil

NG Preheat Coil

Previous Run {(Upgrade Existing EMCS Runj:

Annual kWh Usage:
Annuai kW Usage:
Annual Therm Usage:

1,973,822
7,119
2,190

Current Run [Utilize Natura| Gas Preheat Run):

Annual kwh Usage:
Annual kW Usage:
Anrnual Therm Usage:

1,834,806
6,652
8,409

Savings (Utilize Natural Gas Preheat Savings):

Annual kWh Savings:
Annual kW Savings:

Annual Therm Savings:

Notes:

138,016
467
-6,219

1. The air handling units are equipped with natural gas burners that can be utillized to preheat the mixed air stream hefore

it enters the elgctric reheat VAV boxes. Currently they are not being utilized to da this, the electric reheat coils are handling
the entire heating ioad. So this ECM, which is included with the Uprade Existing EMCS ECM, inclsdes utilizing the existing
natural gas fired burners fo preheat the mixed air stream.

Electric Savings Safefy Factor:
Natural Gas Savings Safety Factor:

073
0.73
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MODELING NOTES

ARAPAHOE COUNTY - SHERIFF/CORONER FACILITY

ECM Run: Upgrade Existing EMCS

Fan System ltem Changed Pravious Run input Gurrant Run Input
Rm-4 Fan Scheduie Changed M-£ - dam-1am, Sat-Sun: 8am-5pm M-F: 5am-10pm; Sat-Sun: 8am-Spm
Rm-5 Fan Schedule Changed M-F - 4am-tam, Sat-Sun: 8am-5pm M-F: 6am-30pm: Sat-Sun: 8am-5pm

Previous Run (New Lighting Run}:

Annual kWh Usage: 2,020,714
Annual kW Usage: 6,601
Annual Therm Usage: 8,178
Currant Run (Upgrade Existing EMCS Run}:
Annuai XWh Usage: 1,817,714
Annual kW Usage: 6,604
Annual Therm Usage: 8,178
Savings {Upyrade Existing EMGCS Savings):
Annual XWh Savings: 103,000
Annuai kKW Savings: -3
Annual Therm Savings: 0
hotes:

1. The negative kW savings is the result of the electric reheat coils all coming 100% on in the moming to bring the space temperature
up from 55F in the morning. These negative s$avings shail not be accounted for since the EMCS shall warm each space

up gradually without having 1o energize each reheat coit to 100% of its capacity.

Elactric Savings Safety Factor: 0.73
Natural Gas Savings Safety Factor: Q.73




MODELING NOTES
ARAPAHOE COUNTY - SHERIFF/CORONER FACILITY

ECM Run: Utilize Natural Gas Preheat

Cooling Equipment Tag item Changed Previous Run Input Current Run input
Heating System 01 Preheat Coil Plant Type Ng Preheat Coil NG Preheat Coil
Heating Sysiem 02 Preheat Coil Plani Type Na Preheat Coil NG Preheat Coil
Heating System 03 Preheat Coil Plant Type No Preheat Coil NG Preheat Coil

Previous Run {Upgrade Existing EMCS Run}:

Annual kXWh Usage: 1,917,714
Annuzl KW Usage; 6,604
Annual Therm Usage: 8,178
Current Run [Utilize Natural Gas Preheat Runy:
Annual kWh Usage: 1,708,847
Annual kW Usage: 5,13
Annual Therm Usage: 17,447
Savinags {Utilize Natural Gas Preheat Savings):
Annual kWh Savings: 208,767
Annual kW Savings: 473
Annuat Therm Savings: -0,269
Notes:

1. The air handling units are equipped with natural gas burners that can be utiflized to preheat the mixed air stream before

it enters the electric reheat VAV boxes. Currently they are not being utilized fo do this, the elecfric reheat coils are handiing
the entire heating toad. So this ECM, which is included with the Uprade Existing EMCS ECM, includes utilizing the existing
natural gas fired burners to preheat the mixed air stream.

Electric Savings Safety Facton: 0.73
Natura! Gas Savings Safety Factor: 0.73







ECM 26 — Replace Modulines, Install VAV Boxes, Diffusers,and Add Controls

There are no savings associated with the ECM.





