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Performance Assurance Protocol

Section 1: Summary of Total Guaranteed Energy Savings

Guaranteed Energy Savings
The energy savings as shown in Tables 1.1 and 1.2 are based on utility rates provided by Ford
Motor Land Development Energy Efficiency and Supply Group as described in Section 2. The
energy use that will be eliminated and/or reduced after the retrofits are complete were
calculated based on the current and future operating schedules as described in Section 3.
Siemens’ guarantee is based solely upon aggregate annual Total Energy and Water Cost
Savings shown in Table 1.1 below and as measured in the protocol below.

Table 1.1 – Total Guaranteed Energy Savings

End of
Year

Electric Energy
Use Savings

(KWH)

Electric Energy
Cost Savings

($)

N.Gas
Energy Use

Savings
(MMBtu)

N.Gas Energy
Cost Savings

($)

Water
Use

Savings
(MGAL)

Water Cost
Savings

($)

Total Energy &
Water Cost

Savings ($)

1 10,032,066 $702,245 306,401 $1,286,884 6,404 $34,580 $2,023,709

2 10,032,066 $702,245 306,401 $1,286,884 6,404 $34,580 $2,023,709

3 10,032,066 $702,245 306,401 $1,286,884 6,404 $34,580 $2,023,709

4 10,032,066 $702,245 306,401 $1,286,884 6,404 $34,580 $2,023,709

5 10,032,066 $702,245 306,401 $1,286,884 6,404 $34,580 $2,023,709

6 10,032,066 $702,245 306,401 $1,286,884 6,404 $34,580 $2,023,709

TOTALS 60,192,395 $4,213,467 1,838,405 $7,721,303.1 38,423 $207,482 $12,142,253

Table 1.2 – Annual Guaranteed Energy Savings by FIM Type

Table 1.2 below breaks down the Total Guaranteed Energy Savings (shown in Table 1.1) by
Facility Improvement Measure (FIM) Types.

FIMS 1 – 6b

Electric
Energy Use

Savings
(KWH)

Electric
Energy Cost

Savings
($)

N.Gas
Energy Use

Savings
(MMBtu)

N.Gas
Energy Cost

Savings
($)

Water
Use

Savings
(MGAL)

Water
Cost

Savings
($)

Total
Energy &

Water Cost
Savings

($)

FIM 1a – Enamel Spray Booth
Recirculating -380,463 ($26,632) 29,457 $123,717 1,606 $8,670 $105,755

FIM 1b – Minimize the ventilation
rate in the Paper Pull Zone 644,873 $45,141 14,929 $62,703 440 $2,376 $110,221

FIM 1c – Install new PLC control
equipment for idle operating

mode 2,521,994 $176,540 87,677 $368,245 4,426 $23,900 $568,684

FIM 1d – Implement downdraft
reductions in the Clear Coat

Manual and Flex zones 606,075 $42,425 -9,253 ($38,862) -68 ($365) $3,198

FIM 2a – Reroute the CC Bell
zone to the BC abatement system 238,487 $16,694 93,064 $390,869 $407,563

FIM 3 – Paint Shop Ventilation 1,247,610 $87,333 20,660 $86,770 $174,103

FIM 4 – Body Shop Ventilation 1,600,690 $112,048 26,613 $111,774 $223,822
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FIM 5 – Final Assembly
Ventilation 2,139,591 $149,771 43,254 $181,667 $331,438

FIM 6a – Install Compressor for
non-production pressure

reduction 69,844 $4,889 $4,889
FIM 6b – Repair Air leaks to
achieve 604 scfm off-shift

reduction 1,343,365 $94,036 $94,036

TOTALS 10,032,066 $702,245 306,401 $1,286,884 6,404 $34,580 $2,023,709

Table 1.3 – Annual Projected Energy Savings by Month

Table 1.3 below breaks down the Total Guaranteed Energy Savings (shown in Table 1.1) by
Facility Improvement Measure (FIM) Types projected on a monthly basis.

Section 2: Utility Rate Structures and Escalation Rates

Electric, Gas, Water and Compressed Air Utility Rates
The utility rates were provided by Ford Motor Land Development Energy Efficiency and Supply
Group. These rates are used for calculating the energy cost savings of this contract. These
rates are fixed and will be in effect for the entire length of the contract. Siemens assumes no
risk for variability of these utility rates and their corresponding effect on the realized cash flow.

Table 2.1 – Utility Rates
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Section 3: Current Calculated Baseline Data

3.1 Current Calculated Baseline Data:

Table 3.1.1 – Actual Utility Consumption & Cost (Calendar Year 2016)

2016 Actual Year Totals for electricity and natural gas and 2012 data for water based upon energy data
provided by Ford Land and OHAP and Contract Rates

Electric Consumption: 94,035,328 KWH Electric Cost: $6,582,473

Natural Gas Consumption:700,468 MMBtu Natural Gas Cost: $2,941,966

Water Consumption: 196,403 MGAL Water Cost: $1,060,576

2016 Total Plant Electrical and Natural Gas Costs: $ 9,524,438 2012 Total Water Cost $1,060,576

Table 3.1.2 – Adjusted Utility Consumption & Cost (Calendar Year 2016)

Utility Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Electric
KW H 8,232,064 8,390,144 8,414,720 8,392,576 7,319,680 6,652,800 7,114,880 8,562,432 7,197,312 7,796,736 7,815,296 8,146,688 94,035,328

Electric
Cost $576,244 $587,310 $589,030 $587,480 $512,378 $465,696 $498,042 $599,370 $503,812 $545,772 $547,071 $570,268 $6,582,473

N. Gas
MMBtu 115,585 108,743 84,075 75,059 38,478 16,411 14,719 21,053 17,965 42,959 65,639 99,782 700,468

N. Gas Cost $485,455 $456,722 $353,114 $315,249 $161,606 $68,926 $61,819 $88,423 $75,454 $180,429 $275,683 $419,086 $2,941,966

W ater*
MGAL 14,496 18,721 20,198 18,037 19,173 20,360 11,590 18,299 14,781 12,971 14,041 13,736 196,403

Water Cost $78,278 $101,093 $109,069 $97,400 $103,534 $109,944 $62,586 $98,815 $79,817 $70,043 $75,821 $74,174 $1,060,576

T otal $ $1,139,978 $1,145,125 $1,051,214 $1,000,129 $777,518 $644,566 $622,446 $786,608 $659,083 $796,244 $898,575 $1,063,528 $10,585,015
* 2012 data

Utility Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Electric
KW H 8,232,064 8,390,144 8,414,720 8,392,576 7,319,680 6,652,800 7,114,880 8,562,432 7,197,312 7,796,736 7,815,296 8,146,688 94,035,328

Electric
Cost $576,244 $587,310 $589,030 $587,480 $512,378 $465,696 $498,042 $599,370 $503,812 $545,772 $547,071 $570,268 $6,582,473

N. Gas
MMBtu 126,098 123,670 117,182 68,307 42,715 16,411 14,719 21,053 17,965 83,106 93,812 99,380 824,419

N. Gas Cost $529,611 $519,415 $492,165 $286,891 $179,405 $68,926 $61,819 $88,423 $75,454 $349,044 $394,009 $417,397 $3,462,559

W ater*
MGAL 14,496 18,721 20,198 18,037 19,173 20,360 11,590 18,299 14,781 12,971 14,041 13,736 196,403

Water Cost $78,278 $101,093 $109,069 $97,400 $103,534 $109,944 $62,586 $98,815 $79,817 $70,043 $75,821 $74,174 $1,060,576

T otal $ $1,184,134 $1,207,819 $1,190,264 $971,772 $795,316 $644,566 $622,446 $786,608 $659,083 $964,859 $1,016,901 $1,061,839 $11,105,609
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2016 Adjusted Year Totals:

Gas Use Adjusted to 30 Year Average Heating Degree Days
Utility Costs Adjusted for Contract Rates

Electric Consumption: 94,035,328 KWH Electric Cost: $6,582,473

Natural Gas Consumption:824,419 MMBtu Natural Gas Cost: $3,462,559

Water Consumption: 196,403 MGAL Water Cost: $1,060,576

2016 Total Plant Utility Costs: $ 11,105,609

Table 3.1.3 – Calculated Baseline FIM Utility Consumption & Cost

Electric
Energy Use

(KWH)

Electric
Energy Cost

($)

N.Gas
Energy Use

(MMBTu)

N.Gas
Energy Cost

($)

Water
Use

(MGAL)

Water
Cost
($)

Total Energy
& Water

Cost ($)

FIM 1a – Enamel Spray Booth
Recirculating 971,195 $67,984 34,456 $144,714 1,806 $9,754 $222,452

FIM 1b – Minimize the ventilation
rate in the Paper Pull Zone 1,434,843 $100,439 32,658 $137,165 1,698 $9,170 $246,773

FIM 1c – Install new PLC control
equipment for idle operating

mode 2,046,621 $143,263 81,825 $343,667 4,269 $23,052 $509,982

FIM 1d – Implement downdraft
reductions in the Clear Coat

Manual and Flex zones 2,302,916 $161,204 45,973 $193,086 2,319 $12,524 $366,814

FIM 2a – Reroute the CC Bell
zone to the BC abatement system 1,725,193 $120,764 106,084 $445,553 $566,316

FIM 3 – Paint Shop Ventilation 6,797,865 $475,851 40,168 $168,707 $644,557

FIM 4 – Body Shop Ventilation 5,187,199 $363,104 46,700 $196,139 $559,243

FIM 5 – Final Assembly
Ventilation 6,797,865 $475,851 84,895 $356,560 $832,410

FIM 6a – Install Compressor for
non-production pressure

reduction 81,792 $5,725 $5,725
FIM 6b – Repair Air leaks to
achieve 604 scfm off-shift

reduction 14,042,331 $982,963 $982,963

TOTALS 41,387,820 $2,897,147 472,759 $1,985,589 10,093 $54,500 $4,937,236
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Table 3.1.4 – Projected Baseline Energy Costs by Month

Note:
- These figures represent the calculated baseline energy usage and costs specifically for each FIM and

equipment pertaining to that FIM. This table does not account for other Paint Shop energy users such
as phosphate and e-coat tanks, building heating, production machinery and miscellaneous equipment.

- Actual use may vary based on weather, utility rates, production volumes and operating hours.
- 30 Year Average Weather Data for Cleveland, OH was utilized in the tables above.
- The contract guaranteed safety factor has not been included in the tables above.
- Utility Costs Based on Contract Rates
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3.2 Contracted Baseline Operating Schedules: 1 Shift Production Operations
The following data of this section outlines the current and future operating characteristics that
are required to be implemented under the FIM Work. This specific configuration of operating
practices for one ten hour shift production operation is the Contracted Baseline.

Table 3.2.1 Contracted Baseline – Current Spray Booth Operating Schedule (Summer and
Winter Conditions)

Sun Mon Tues Wed Thur Fri Sat

1:00 AM

2:00 AM

3:00 AM

4:00 AM

5:00 AM

6:00 AM

7:00 AM

8:00 AM

9:00 AM

10:00 AM

11:00 AM

12:00 PM

1:00 PM

2:00 PM

3:00 PM

4:00 PM

5:00 PM

6:00 PM

7:00 PM

8:00 PM

9:00 PM

10:00 PM

11:00 PM

12:00 AM

Production Mode - Production Operation at 10 hr/shift, 1 shifts/day, 4 days/week

Non-Production Mode - Weekdays & Fri., Sat & Sun Shutdown

ASSUMPTIONS

Existing Production Energy Use

ASH currently in production mode at actual temperatures indicated below.

Enamel 1 Fresh Air 552,297 cfm 72.4oF and 58.8%RH

552,297 cfm

Existing Non-Production Energy Use

ASH at same temps and humidities as current production mode.

Enamel 1 Fresh Air 552,297 cfm 72.4oF and 58.8%RH

552,297 cfm

Current Baseline Spray Booth Schedule
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Table 3.2.2 Contract Baseline – Future Spray Booth Operating Schedule
(Summer and Winter Conditions)
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Table 3.2.3 Contracted Baseline – Current Spray Booth Abatement Operating Schedule
(Summer and Winter Conditions)

Sun Mon Tues Wed Thur Fri Sat

1:00 AM

2:00 AM

3:00 AM

4:00 AM

5:00 AM

6:00 AM

7:00 AM

8:00 AM

9:00 AM

10:00 AM

11:00 AM

12:00 PM

1:00 PM

2:00 PM

3:00 PM

4:00 PM

5:00 PM

6:00 PM

7:00 PM

8:00 PM

9:00 PM

10:00 PM

11:00 PM

12:00 AM

Production Mode - Production Operation at 10 hr/shift, 1 shift/day, 4 days/week

Non-Production Mode - Abatement system is running

ASSUMPTIONS
Existing Production Energy Use

Incinerator at 1415oF, Desorb at 270oF, and FH at 90oF setpoint temperatures

Basecoat 37,973 cfm

Clearcoat 52,992 cfm

Total Production Mode Abated Airflow 90,965 cfm

Existing Non-Production Energy Use

Incinerator at 1415oF, Desorb at 270oF, and FH at 90oF setpoint temperatures

Basecoat 37,973 cfm

Clearcoat 52,992 cfm

Total Production Mode Abated Airflow 90,965 cfm

Current Baseline Spray Booth Abatement Schedule
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Table 3.2.4 Contracted Baseline – Future Spray Booth Abatement Operating Schedule
(Summer and Winter)
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Section 4: Measurement and Verification Plan

4.1 General Overview –
(a) The purpose of the Measurement and Verification (M&V) Section is to identify

the methods, measurements, procedures and tools that will be used to verify
the savings for each Facility Improvement Measure (FIM). Savings were
determined by comparing prior usage, consumption or efficiencies defined as
the Baseline to the selected FIMS being implemented against the post FIM
implementation usage, consumption or efficiencies. The Baseline usage,
consumption or efficiencies is described in this Appendix. The usage,
consumption or efficiencies associated with the FIM implementation is defined
as the Contracted Baseline, and are described in this Appendix.

(b) The actual guaranteed savings associated with this contract are outlined in this
Appendix, Section 1 - Table 1.1

(c) All pre-metering data will be provided prior to installation
(d) All trended data is to be provided by the Ford Ohio Assembly Plant to Siemens

by the 5th business day of each month.

4.2 Savings Reporting Plan
Siemens shall prepare and submit annual savings reports that identify the energy
savings using the methodologies described herein. The report shall identify the baseline
usage, the guaranteed savings from each project, the actual measured savings and the
difference between the guaranteed and actual savings.

Following the project completion, Siemens will prepare ongoing reports for the entire
contract term. It is the responsibility of Ford Ohio Assembly Plant to provide trended
data from the BMS related to the performance of the Equipment (Modes of
operation, On/Off status of fans, VFD speeds, space temperatures, airstream
temperatures and humidities, and actuator positions) to Siemens by the fifth
business day of each month in order for Siemens to analyze the trended data and
provide ongoing reporting.

4.3 FIM 1a – Enamel Spray Booth Recirculation

Location(s): Paint Shop, ASH #1, 2, 3, 4, 6

Overview:
Energy savings will be generated by reducing the amount of outdoor air being utilized by
the BC and CC ventilation systems during production hours. Outdoor CFM post-retrofit
and fan kW post-retrofit will be measured one-time after the measure is installed.
Damper position and fan mode will be monitored continuously post-retrofit through the
energy management controls in order to ensure the system schedule is being followed.

Pre-Retrofit Measurement\Calculations:
kWpre = fan kW pre-retrofit, as shown in Table 1.1.1.
AOHrpre = pre-retrofit production hours, as shown in Table 1.1.1.
CFMpre = pre-retrofit outdoor air (OA) CFM, as shown in Table 1.1.1.
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Table 1.1.1 – Fan pre-retrofit data

Post-Retrofit Measurement\Calculations:
kWpost = post-retrofit motor kW during production mode, measured one-time post-retrofit.
CFMpost = post-retrofit outdoor air CFM of each supply fan during production mode,
measured one-time post-retrofit.
Damper position will be continuously monitoring post-retrofit to assure that the reduced
CFM (CFMpost) is being adhered to during production hours.

Measurement or Reference Tables
Below is outdoor air bin data for each ASH supply fan. This bin data was calculated
from the engineering model (Section 6).
Dry bulb = dry bulb outdoor air temperature (See Tables 1.1.2 – 1.1.6)
Hours = hour per year per dry bulb temperature range, based on 30 year average
weather data (See Tables 1.1.2 – 1.1.6).
Net heating required = average heating (mmbtu) required in paint booth for given
temperature range (See Tables 1.1.2 – 1.1.6)
Net water required = average water needed for humidifying paint booth for given
temperature range (gr/lbm) (See Tables 1.1.2 – 1.1.6)
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Table 1.1.2 – Reference table for ASH #1

Table 1.1.3 – Reference table for ASH #2

Dry Bulb (°F) Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 13 27.615 64.200

-1-4 33 26.249 62.988

4-9 35 24.806 61.346

9-14 149 23.557 60.135

14-19 250 22.057 58.448

19-24 293 20.597 56.516

24-29 606 18.704 52.927

29-34 562 16.849 48.571

34-39 714 15.044 43.807

39-44 616 13.228 39.516

44-49 607 10.903 33.603

49-54 526 8.822 27.765

54-59 564 6.497 20.046

59-64 837 3.185 9.872

64-69 761 1.444 6.177

69-74 844 0.466 3.529

74-79 405 0.229 3.535

79-84 303 0.050 2.547

84-89 151 0.004 0.391

89-94 56 - 0.234

94-99 3 - -

Total 8328 9.130 26.982

Dry Bulb (°F) Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 13 30.815 76.880

-1-4 33 29.449 75.668

4-9 35 28.006 74.026

9-14 149 26.757 72.815

14-19 250 25.257 71.128

19-24 293 23.797 69.196

24-29 606 21.904 65.607

29-34 562 20.049 61.251

34-39 714 18.244 56.487

39-44 616 16.428 52.196

44-49 607 14.103 46.283

49-54 526 12.022 40.445

54-59 564 9.697 32.615

59-64 837 6.325 19.105

64-69 761 3.764 12.670

69-74 844 1.803 8.457

74-79 405 1.143 8.294

79-84 303 0.576 6.796

84-89 151 0.045 2.432

89-94 56 - 1.027

94-99 3 - -

Total 8328 11.766 36.988



Ford OHAP ESA Appendix II - Page 14

Table 1.1.4 – Reference table for ASH #3

Table 1.1.5 – Reference table for ASH #4

Dry Bulb (°F) Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 13 30.815 76.880

-1-4 33 29.449 75.668

4-9 35 28.006 74.026

9-14 149 26.757 72.815

14-19 250 25.257 71.128

19-24 293 23.797 69.196

24-29 606 21.904 65.607

29-34 562 20.049 61.251

34-39 714 18.244 56.487

39-44 616 16.428 52.196

44-49 607 14.103 46.283

49-54 526 12.022 40.445

54-59 564 9.697 32.615

59-64 837 6.325 19.105

64-69 761 3.764 12.670

69-74 844 1.803 8.457

74-79 405 1.143 8.294

79-84 303 0.576 6.796

84-89 151 0.045 2.432

89-94 56 - 1.027

94-99 3 - -

Total 8328 11.766 36.988

Dry Bulb (°F) Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 13 28.855 69.040

-1-4 33 27.489 67.828

4-9 35 26.046 66.186

9-14 149 24.797 64.975

14-19 250 23.297 63.288

19-24 293 21.837 61.356

24-29 606 19.944 57.767

29-34 562 18.089 53.411

34-39 714 16.284 48.647

39-44 616 14.468 44.356

44-49 607 12.143 38.443

49-54 526 10.062 32.605

54-59 564 7.737 24.783

59-64 837 4.367 12.897

64-69 761 2.177 8.342

69-74 844 0.858 5.117

74-79 405 0.469 5.056

79-84 303 0.176 3.852

84-89 151 0.012 0.916

89-94 56 - 0.493

94-99 3 - -

Total 8328 10.112 30.658
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Table 1.1.6 – Reference table for ASH #6

Savings Calculations:
Electric Savings (kWh/yr):

kWhS = (kWpre – kWpost) * AOHrpre, summed over all fans

Natural Gas Savings (mmbtu/yr):
MMBTUS = Hours * Net heating required * ((CFMpre – CFMpost) / Specific Volume)
* / , summed across all dry bulb temperature bins for all ASH units

Water Savings (gallons/year):
GallonsS = Hours * Net water required * ((CFMpre – CFMpost) / Specific Volume) *

/ , summed across all dry bulb temperature bins for all ASH units

Cost Savings ($/yr):
$S = (kWhS x $/kWh, x) + (MMBTUS x $/Natural Gas, x) + (GallonsS x $/Gallon, x)

Where:
kWhS = annual kilowatt-hour savings
MMBTUS = annual MMBTU of natural gas savings

= 60 minutes per hour
= conversion factor = 7,000 gr/lb
= conversion factor – 1,000,000 btu per mmbtu
= 8.34 pounds per gallon of water

$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol
$/Natural Gas, x = energy unit cost per MMBtu of natural gas as defined in
Section 2 of the Performance Assurance Protocol
$S = Total annual cost savings

Dry Bulb (°F) Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 13 30.815 76.880

-1-4 33 29.449 75.668

4-9 35 28.006 74.026

9-14 149 26.757 72.815

14-19 250 25.257 71.128

19-24 293 23.797 69.196

24-29 606 21.904 65.607

29-34 562 20.049 61.251

34-39 714 18.244 56.487

39-44 616 16.428 52.196

44-49 607 14.103 46.283

49-54 526 12.022 40.445

54-59 564 9.697 32.615

59-64 837 6.325 19.105

64-69 761 3.764 12.670

69-74 844 1.803 8.457

74-79 405 1.143 8.294

79-84 303 0.576 6.796

84-89 151 0.045 2.432

89-94 56 - 1.027

94-99 3 - -

Total 8328 11.766 36.988
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4.4 FIM 1b – Minimize the Ventilation Rate in the Paper Pull Zone

Location(s): Paint Shop, Paper Pull, ASH #7 SF, EF I

Overview:
The paper pull area will be reconfigured from 2 zones to 3 zones. The existing exhaust
fans will be replaced with smaller exhaust fans, and the amount of outdoor air brought
into the paper pull zone will also be decreased. Energy savings will be verified by taking
post-retrofit measurements of the exhaust fan kW, and also taking a one-time
measurement of the outdoor air being brought into the space post-retrofit.

Pre-Retrofit Measurement\Calculations:
kWpre = fan kW pre-retrofit, as shown in Table 1.2.1.
AOHrpre = pre-retrofit production hours, as shown in Table 1.2.1.
CFMpre = pre-retrofit outdoor air (OA) CFM, as shown in Table 1.2.1.
Ratiopre = pre-retrofit ratio of air to ASH#7 SF due to paper pull = 93,908CFM/149,055
CFM

Table 1.2.1. – Fan pre-retrofit data

Post-Retrofit Measurement\Calculations:
kWpost = post-retrofit motor kW during production mode, measured one-time post-retrofit.
Ratiopost = post-retrofit ratio of air to ASH#7 EF H due to paper pull = 64,250
CFM/114,250 CFM
CFMpost = post-retrofit outdoor air CFM of each supply fan during production mode,
measured one-time post-retrofit.
Damper position will be continuously monitoring post-retrofit to assure that the reduced
CFM (CFMpost) is being adhered to during production hours.

Measurement or Reference Tables
Below is outdoor air bin data for each ASH supply fan. This bin data was calculated
from the engineering model (Section 6).
Dry bulb = dry bulb outdoor air temperature
Hours = hour per year per dry bulb temperature range, based on 30 year average
weather data (See Table 1.2.2).
Net heating required = average heating (mmbtu) required in paint booth for given
temperature range (See Table 1.2.2.).
Net water required = average water needed for humidifying paint booth for given
temperature range (gr/lbm) (See Table 1.2.2).
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Table 1.2.2 – Reference table for Paper Pull

Savings Calculations:
Electric Savings (kWh/yr):

kWhS = kWhS,SF + kWhS,EFI

kWhS,SF = (kWpre * Ratiopre – kWpost*Ratiopost) * AOHrpre

kWhS,EFI = (kWpre – kWpost) * AOHRpre

Natural Gas Savings (mmbtu/yr):
MMBTUS = Hours * Net heating required * ((CFMpre – CFMpost) / Specific Volume)
* / , summed across all dry bulb temperature bins

Water Savings (gallons/year):
GallonsS = Hours * Net water required * ((CFMpre – CFMpost) / Specific Volume) *

/ , summed across all dry bulb temperature bins

Cost Savings ($/yr):
$S = (kWhS x $/kWh, x) + (MMBTUS x $/Natural Gas, x) + (GallonsS x $/Gallon, x)

Where:
kWhS = annual kilowatt-hour savings
kWhS,SF = annual kilowatt-hour savings associated with ASH #7 supply fan
kWhS,EFI = annual kilowatt-hour savings associated with exhaust fan I
MMBTUS = annual MMBTU of natural gas savings

= 60 minutes per hour
= conversion factor – 1,000,000 btu per mmbtu
= conversion factor = 7,000 gr/lb

Dry Bulb (°F) Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 13 28.855 69.040

-1-4 33 27.489 67.828

4-9 35 26.046 66.186

9-14 149 24.797 64.975

14-19 250 23.297 63.288

19-24 293 21.837 61.356

24-29 606 19.944 57.767

29-34 562 18.089 53.411

34-39 714 16.284 48.647

39-44 616 14.468 44.356

44-49 607 12.143 38.443

49-54 526 10.062 32.605

54-59 564 7.737 24.783

59-64 837 4.367 12.897

64-69 761 2.177 8.342

69-74 844 0.858 5.117

74-79 405 0.469 5.056

79-84 303 0.176 3.852

84-89 151 0.012 0.916

89-94 56 - 0.493

94-99 3 - -

Total 8328 10.112 30.658
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= 8.34 pounds per gallon of water
$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol
$/Natural Gas, x = energy unit cost per MMBtu of natural gas as defined in
Section 2 of the Performance Assurance Protocol
$S = Total annual cost savings

4.5.1 FIM 1d – Implement downdraft reduction in the Clear Coat Manual and Flex Zones

Location(s): Paint Shop, ASH #5, 7 (SF and EF I)

Overview:
Energy savings will be verified by taking one-time post-retrofit measurements of fan kW
and post-retrofit outdoor air CFM for each supply fan.

Pre-Retrofit Measurement\Calculations:
kWpre = fan kW pre-retrofit, as shown in Table 1.3.1.
AOHrpre = pre-retrofit production hours, as shown in Table 1.3.1.
CFMpre = pre-retrofit outdoor air (OA) CFM, as shown in Table 1.3.1.
Ratiopre = pre-retrofit ratio of air to ASH#7 SF due to BC/CC = 55,148 CFM/114,733 CFM

Table 1.3.1. – Fan pre-retrofit data

Post-Retrofit Measurement\Calculations:
kWpost = post-retrofit motor kW during production mode, measured one-time post-retrofit.
Ratiopost = post-retrofit ratio of air to ASH#7 EF H due to BC/CC = 50,000 CFM/114,250
CFM
CFMpost = post-retrofit outdoor air CFM of each supply fan during production mode,
measured one-time post-retrofit.
Damper position will be continuously monitoring post-retrofit to assure that the reduced
CFM (CFMpost) is being adhered to during production hours.

Measurement or Reference Tables
Below is outdoor air bin data for each ASH supply fan. This bin data was calculated
from the engineering model (Section 6).
Dry bulb = dry bulb outdoor air temperature
Hours = hour per year per dry bulb temperature range, based on 30 year average
weather data (See Table 1.3.3 and 1.3.4).
Net heating required = average heating (mmbtu) required in paint booth for given
temperature range (See Table 1.3.3 and 1.3.4).
Net water required = average water needed for humidifying paint booth for given
temperature range (gr/lbm) (See Table 1.3.3 and 1.3.4).
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Table 1.3.3 – Reference table for ASH #5

Table 1.3.4 – Reference table for ASH #7

Savings Calculations:
Electric Savings (kWh/yr):

Dry Bulb (°F) Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 13 26.415 59.650

-1-4 33 25.049 58.438

4-9 35 23.606 56.796

9-14 149 22.357 55.585

14-19 250 20.857 53.898

19-24 293 19.397 51.966

24-29 606 17.504 48.377

29-34 562 15.649 44.021

34-39 714 13.844 39.257

39-44 616 12.028 34.966

44-49 607 9.703 29.053

49-54 526 7.622 23.215

54-59 564 5.297 15.872

59-64 837 2.206 7.456

64-69 761 0.907 4.439

69-74 844 0.213 2.392

74-79 405 0.088 2.447

79-84 303 0.012 1.682

84-89 151 - 0.210

89-94 56 - 0.067

94-99 3 - -

Total 8328 8.233 23.688

Dry Bulb (°F) Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 13 28.855 69.040

-1-4 33 27.489 67.828

4-9 35 26.046 66.186

9-14 149 24.797 64.975

14-19 250 23.297 63.288

19-24 293 21.837 61.356

24-29 606 19.944 57.767

29-34 562 18.089 53.411

34-39 714 16.284 48.647

39-44 616 14.468 44.356

44-49 607 12.143 38.443

49-54 526 10.062 32.605

54-59 564 7.737 24.783

59-64 837 4.367 12.897

64-69 761 2.177 8.342

69-74 844 0.858 5.117

74-79 405 0.469 5.056

79-84 303 0.176 3.852

84-89 151 0.012 0.916

89-94 56 - 0.493

94-99 3 - -

Total 8328 10.112 30.658
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kWhS = kWhS,SF7 + kWhS,EFI + kWhS,SF5 + kWhS,EFF

kWhS,SF7 = (kWpre * Ratiopre – kWpost*Ratiopost) * AOHrpre

kWhS,EFI = (kWpre – kWpost) * AOHRpre

kWhS,SF5I = (kWpre – kWpost) * AOHRpre

kWhS,EFF = (kWpre – kWpost) * AOHRpre

Natural Gas Savings (mmbtu/yr):
MMBTUS = Hours * Net heating required * ((CFMpre – CFMpost) / Specific Volume)
* / , summed across all dry bulb temperature bins

Water Savings (gallons/year):
GallonsS = Hours * Net water required * ((CFMpre – CFMpost) / Specific Volume) *

/ , summed across all dry bulb temperature bins

Cost Savings ($/yr):
$S = (kWhS x $/kWh, x) + (MMBTUS x $/Natural Gas, x) + (GallonsS x $/Gallon, x)

Where:
kWhS = annual kilowatt-hour savings
kWhS,SF7 = annual kilowatt-hour savings associated with ASH #7 supply fan
kWhS,EFH = annual kilowatt-hour savings associated with exhaust fan H
kWhS,SF5 = annual kilowatt-hour savings associated with ASH #5 supply fan
kWhS,EFF = annual kilowatt-hour savings associated with exhaust fan F
MMBTUS = annual MMBTU of natural gas savings

= 60 minutes per hour
= conversion factor – 1,000,000 btu per mmbtu
= conversion factor = 7,000 gr/lb
= 8.34 pounds per gallon of water

$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol
$/Natural Gas, x = energy unit cost per MMBtu of natural gas as defined in
Section 2 of the Performance Assurance Protocol
$S = Total annual cost savings

4.6 FIM 1c – Install new PLC control equipment for idle operating mode

Location(s): Paint Shop, ASH #1through #7

Overview:
Time of day controls will be installed on ASH #1,3,5,7 and Paper Pull to turn supply and
exhaust fans off from 6PM – 6AM Monday through Friday and all day Saturday and
Sunday. This will save electric energy by turning fans off, and also reduce heating and
water, due to conditioning less outdoor air. Production hours will be monitored to
determine post-retrofit operating hours of the fans. Siemens will not be responsible for
lost energy savings due to overriding equipment schedules.

Pre-Retrofit Measurement\Calculations:
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kWpre = fan kW before the installation of time of day controls, as measured one-time
post retrofit as part of FIMs 1.02, and 1.05.
AOHrpre = pre-retrofit production hours = 8,256 hours/year
MMBtupre = annual heat consumption (MMBtu) per year based on AOHrpre operation,
re-circulation configuration and 30 year average weather data
CFMOA = outdoor air CFM, as measured one-time post retrofit as part of FIMs 1.02, and
1.05.

Table 1.4.1. – Fan pre-retrofit data – MMBtu and Water Savings

Post-Retrofit Measurement\Calculations:
kWpost = post-retrofit motor kW during production mode, measured one-time post-retrofit.
Production Hours = post-retrofit production hours, monitored continuously through
energy management system.
MMBtupost = fuel consumption post-retrofit due to implementation of time of day controls,
and adjusted for weather, as needed = Production Hours * Net heating required *
(CFMOA/ Specific Volume) * / , summed across all dry bulb temperature bins
Gallonspost = water consumption post-retrofit due to implementation of time of day
controls, and adjusted for weather, as needed = Production Hours * Net water required *
((CFMOA) / Specific Volume) * / , summed across all dry bulb temperature bins

Measurement or Reference Tables
Below is outdoor air bin data for each ASH supply fan. This bin data was calculated
from the engineering model (Section 6).
Dry bulb = dry bulb outdoor air temperature (See Table 1.4.2 through 1.4.5).
Net heating required = average heating (mmbtu) required in paint booth for given
temperature range (See Table 1.4.2 through 1.4.5).
Net water required = average water needed for humidifying paint booth for given
temperature range (gr/lbm) (See Table 1.4.2 through 1.4.5).
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Table 1.4.2 – Reference table for ASH #1

Table 1.4.3 – Reference table for ASH #3

Dry Bulb (°F) Production Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 Monitored 27.6146 64.2000

-1-4 Monitored 26.2491 62.9879

4-9 Monitored 24.8060 61.3457

9-14 Monitored 23.5574 60.1349

14-19 Monitored 22.0570 58.4484

19-24 Monitored 20.5966 56.5164

24-29 Monitored 18.7043 52.9272

29-34 Monitored 16.8487 48.5710

34-39 Monitored 15.0445 43.8071

39-44 Monitored 13.2282 39.5159

44-49 Monitored 10.9033 33.6028

49-54 Monitored 8.8216 27.7650

54-59 Monitored 6.4969 20.0461

59-64 Monitored 3.1846 9.8719

64-69 Monitored 1.4436 6.1773

69-74 Monitored 0.4657 3.5289

74-79 Monitored 0.2292 3.5348

79-84 Monitored 0.0503 2.5469

84-89 Monitored 0.0038 0.3914

89-94 Monitored - 0.2339

94-99 Monitored - -

Dry Bulb (°F) Production Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 Monitored 30.815 76.880

-1-4 Monitored 29.449 75.668

4-9 Monitored 28.006 74.026

9-14 Monitored 26.757 72.815

14-19 Monitored 25.257 71.128

19-24 Monitored 23.797 69.196

24-29 Monitored 21.904 65.607

29-34 Monitored 20.049 61.251

34-39 Monitored 18.244 56.487

39-44 Monitored 16.428 52.196

44-49 Monitored 14.103 46.283

49-54 Monitored 12.022 40.445

54-59 Monitored 9.697 32.615

59-64 Monitored 6.325 19.105

64-69 Monitored 3.764 12.670

69-74 Monitored 1.803 8.457

74-79 Monitored 1.143 8.294

79-84 Monitored 0.576 6.796

84-89 Monitored 0.045 2.432

89-94 Monitored - 1.027

94-99 Monitored - -
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Table 1.4.4 – Reference Table for ASH #7

Table 1.4.5 – Reference Table for Paper Pull

Equipment schedule is to be followed, as outlined in Section 3.2 of this Appendix II.

Dry Bulb (°F) Production Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 Monitored 28.855 69.040

-1-4 Monitored 27.489 67.828

4-9 Monitored 26.046 66.186

9-14 Monitored 24.797 64.975

14-19 Monitored 23.297 63.288

19-24 Monitored 21.837 61.356

24-29 Monitored 19.944 57.767

29-34 Monitored 18.089 53.411

34-39 Monitored 16.284 48.647

39-44 Monitored 14.468 44.356

44-49 Monitored 12.143 38.443

49-54 Monitored 10.062 32.605

54-59 Monitored 7.737 24.783

59-64 Monitored 4.367 12.897

64-69 Monitored 2.177 8.342

69-74 Monitored 0.858 5.117

74-79 Monitored 0.469 5.056

79-84 Monitored 0.176 3.852

84-89 Monitored 0.012 0.916

89-94 Monitored - 0.493

94-99 Monitored - -

Dry Bulb (°F) Production Hours Net heating required (mmbtu) Net water required (gf/lbm)

-6--1 Monitored 28.855 69.040

-1-4 Monitored 27.489 67.828

4-9 Monitored 26.046 66.186

9-14 Monitored 24.797 64.975

14-19 Monitored 23.297 63.288

19-24 Monitored 21.837 61.356

24-29 Monitored 19.944 57.767

29-34 Monitored 18.089 53.411

34-39 Monitored 16.284 48.647

39-44 Monitored 14.468 44.356

44-49 Monitored 12.143 38.443

49-54 Monitored 10.062 32.605

54-59 Monitored 7.737 24.783

59-64 Monitored 4.367 12.897

64-69 Monitored 2.177 8.342

69-74 Monitored 0.858 5.117

74-79 Monitored 0.469 5.056

79-84 Monitored 0.176 3.852

84-89 Monitored 0.012 0.916

89-94 Monitored - 0.493

94-99 Monitored - -
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Savings Calculations:
Electric Savings (kWh/yr):

kWhS = (kWpre * AOHrpre) – (kWpost * Production Hours), summed over all fans

Natural Gas Savings (mmbtu/yr):
MMBTUS = MMBtupre – MMBtupost, summed over all units

Water Savings (gallons/year):
GallonsS = Gallonspre - Gallonspost , summed over all units

Cost Savings ($/yr):
$S = (kWhS x $/kWh, x) + (MMBTUS x $/Natural Gas, x) + (GallonsS x $/Gallon, x)

Where:
kWhS = annual kilowatt-hour savings
MMBTUS = annual MMBTU of natural gas savings

= 60 minutes per hour
= conversion factor – 1,000,000 btu per mmbtu
= 8.34 pounds per gallon of water
= conversion factor = 7,000 gr/lb water

$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol
$/Natural Gas, x = energy unit cost per MMBtu of natural gas as defined in
Section 2 of the Performance Assurance Protocol
$S = Total annual cost savings

4.7 FIM 2a – Reroute the CC Bell zone to the BC abatement system

Location(s): Paint Shop

Overview:
The BC and CC portion of the abatement area will be combined. This will create energy
savings by reducing the number of KCR fans from 2 to 1, reducing the number of RTO
units from 2 to 1, and also decreasing the load on the boiler. Additional fans will be
added to the system. Energy savings will be verified by taking one-time post-retrofit
measurement of fan and motor kW, and by continuously monitoring the annual operating
hours of the equipment through the energy management system. Siemens will not be
responsible for lost energy savings due to overriding equipment schedules.

Pre-Retrofit Measurement\Calculations:
kWpre = pre-retrofit fan kW, as measured during audit phase of project, as shown in
Table 1.5.1.
AOHrpre = pre-retrofit annual operating hours = 8,232
kWhpre = pre-retrofit electric consumption per Table 1.5.1 = kWpre * AOHrpre

MMBtupre = pre-retrofit heating MMBtu consumed per Table 1.5.1, based on engineering
calculations (see Section 7)
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Table 1.5.1. – Fan pre-retrofit data

Post-Retrofit Measurement\Calculations:
AOHrpost = post-retrofit annual operating hours, monitored continuously through energy
management system. This will be weather adjusted, if needed.
Heater delta T = temperature differential across heater = 209 deg F
Heater efficiency = heater rated efficiency = 80%
Reheat delta T = temperature differential across reheat = 20 deg F
Reheat efficiency = reheat HW boiler efficiency = 81%
CC flow = flow rate through KCR CC unit post-retrofit = 5,721 SCFM
RTO Natural Gas input = natural gas input (BTU/hr) for RTO unit, per manufacturer’s
specifications
Base coat exhaust flow = 9,340 CFM
Clear coat exhaust flow = 15,260 CFM
EEAT = Exhaust entering air temperature = 74 deg F
ELAT = Exhaust leaving air temperature = 90 deg F
Base coat rash flow = 27,360 CFM
Clear coat rash flow = 41,040 CFM
REAT = rash entering air temperature = 74 deg F
RLAT = rash leaving air temperature =75 deg F
kWpost,KCR = post-retrofit kW of KCR unit, measured one-time post-retrofit
kWpost,fans = post-retrofit kW of filter and abatement fans (P-01,02,19,20) – measured
one-time post-retrofit
kWpost,RTO = post-retrofit kW of RTO unit, measured one-time post-retrofit.

Measurement or Reference Tables

Savings Calculations:
Electric Savings (kWh/yr):

kWhS = (kWhpre – kWhpost), summed over all units
kWhpost = kWhKCR + kWhRTO + kWhFans

kWhKCR = kWpost,KCR * AOHrpost

kWhRTO = kWpost,RTO * AOHrpost

kWhFans = kWpost,fans * AOHrpost

Natural Gas Savings (mmbtu/yr):
MMBTUS = MMBtupre – MMBtupost, summed over all units
MMBtupost = MMBtuKCR + MMBtuRTO + MMBtuboiler
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efficiency) + ((1.08 * Reheat delta T * CC Flow * AOHrspost) / Reheat efficiency) /
1,000,000 Btu/MMBtu

MMBtuRTO = (RTO natural gas input * AOHrspost) / 1,000,000 Btu/MMBtu

MMBtuboiler = ((1.08 * (Base coat exhaust flow + Clear coat exhaust flow) * (ELAT
– EEAT))/1,000,000 Btu/MMBtu + ((1.08 * (Base coat rash flow + Clear coat rash
flow) * (RLAT – ELAT))/1,000,000 Btu/MMBtu * AOHrpost

Cost Savings ($/yr):
$S = (kWhS x $/kWh, x) + (MMBTUS x $/Natural Gas, x)

Where:
kWhS = annual kilowatt-hour savings
MMBTUS = annual MMBTU of natural gas savings
$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol
$/Natural Gas, x = energy unit cost per MMBtu of natural gas as defined in
Section 2 of the Performance Assurance Protocol

4.8 FIM 3 – Paint Shop Ventilation

Location(s): Paint Shop

Overview:
Energy savings will be verified by monitoring the run times of the associated HV
equipment, as outlined in Table 1.6.1 below. Energy savings will be realized by
scheduling this equipment to turn off when the space is not in use. Energy savings will
be verified by taking one-time post-retrofit measurement of fan and motor kW, and by
continuously monitoring the annual operating hours of the equipment through the energy
management system. Siemens will not be responsible for lost energy savings due to
overriding equipment schedules.

Pre-Retrofit Measurement\Calculations:
AOHrpre = pre-retrofit annual operating hours, as outlined in Table 1.6.1.

Post-Retrofit Measurement\Calculations:
AOHrpost = post-retrofit annual operating hours, as outlined in Table 1.6.1.

Equipment schedule is to be followed, as outlined in Section 8 of this Appendix II.

Measurement or Reference Tables
kW = HV unit kW, as outlined in Table 1.6.1.
Design Volume = total design volume of air (CFM) per HV unit, as outlined in Table
1.6.1.
% OA = percentage of Outdoor air per unit, as outlined in Table 1.6.1.
Heating factor = heat (btu) needed to condition outdoor air, per HV unit as in Table 1.6.1.
This value is based on 30 year average weather data, and the proposed post-retrofit
operation schedule.
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Table 1.6.1 – HV unit data

Note: Operational Mode based on discussion with plant, location of unit and survey.

HV Unit
Operational

Mode

Design Total

Flowrate, cfm

Design OA

Flowrate, cfm

Fan Power,

kWpre AOHrpre % OA CFM
Heating Factor,

BTU/OA cfm

HV #1 1 50,000 42,500 22.31 6472 1% 120,022

HV #2 1 50,000 42,500 22.31 6472 1% 120,022

HV #3 1 100,000 85,000 22.31 6472 16% 120,022

HV #4 7 50,000 42,500

HV #5 7 50,000 42,500

HV #6 1 50,000 42,500 22.31 6472 0% 120,022

HV #7 1 50,000 42,500 22.31 6472 11% 120,022

HV #8 5 50,000 42,500 26.18 2288

HV #9 4 50,000 42,500 26.18 827 39% 27,990

HV #11 4 50,000 42,500 26.18 827 39% 27,990

HV #12 4 50,000 42,500 26.18 827 39% 27,990

HV #13 4 50,000 42,500 26.18 827 39% 27,990

HV #14 1 50,000 42,500 22.31 6472 2% 120,022

HV #15 1 50,000 42,500 22.31 6472 2% 120,022

HV #16 4 50,000 42,500 26.18 827 39% 27,990

HV #17 4 50,000 42,500 26.18 827 39% 27,990

HV #18 1 50,000 42,500 22.31 6472 75% 120,022

HV #19 4 100,000 85,000 26.18 827 39% 27,990

HV #20 4 100,000 85,000 26.18 827 39% 27,990

HV #21 1 50,000 42,500 22.31 6472 66% 120,022

HV #22 1 50,000 42,500 22.31 6472 70% 120,022

HV #23 4 100,000 85,000 26.18 827 39% 27,990

HV #24 1 50,000 42,500 22.31 6472 4% 120,022

HV #25 4 100,000 85,000 26.18 827 39% 27,990

HV #26 1 50,000 42,500 22.31 6472 34% 120,022

HV #27 1 50,000 42,500 22.31 6472 5% 120,022

HV #28 1 100,000 85,000 22.31 6472 13% 120,022

Winter < 65 °F Summer > 65 °F Winter < 65 °F Summer > 65 °F

1 on below 65 °F off Most TDHs, few H and Vs 6,472 - 2,728 -

2 on below 30 °F off Balance of TDHs 1,345 - 567 -

3 on below 30 °F on above 65 °F Most H and V units 1,345 2,288 567 965

4 on below 25 °F off The rest of the H and V units 827 - 349 -

5 off on above 65 °F Summer H and V units - 2,288 - 965

6 on on Fume Areas 8,760 8,760 8,760 8,760

7 off off Decommissioned - - - -

Mode Winter Summer Type
Pre-Retrofit Annual Hours

(AOHrpre)

Post-Retrofit Annual Hours

(AOHrpost)
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Savings Calculations:
Electric Savings (kWh/yr):

kWhS = kW * (AOHrpre – AOHrpost) summed over all HV units

Natural Gas Savings (mmbtu/yr):
MMBTUS = Design Volume * % OA CFM * Heating Factor / 1,000,000 Btu/MMBtu

Cost Savings ($/yr):
$S = (kWhS x $/kWh, x) + (MMBTUS x $/Natural Gas, x)

Where:
kWhS = annual kilowatt-hour savings
MMBTUS = annual MMBTU of natural gas savings
$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol
$/Natural Gas, x = energy unit cost per MMBtu of natural gas as defined in
Section 2 of the Performance Assurance Protocol

4.8.1 FIM 4 – Body Shop Ventilation

Location(s): Body Shop

Overview:
Energy savings will be verified by monitoring the run times of the associated HV
equipment, as outlined in Table 1.6.1 below. Energy savings will be realized by
scheduling this equipment to turn off when the space is not in use. Energy savings will
be verified by taking one-time post-retrofit measurement of fan and motor kW, and by
continuously monitoring the annual operating hours of the equipment through the energy
management system. Siemens will not be responsible for lost energy savings due to
overriding equipment schedules.

Pre-Retrofit Measurement\Calculations:
AOHrpre = pre-retrofit annual operating hours, as outlined in Table 1.7.1.

Post-Retrofit Measurement\Calculations:
AOHrpost = post-retrofit annual operating hours, as outlined in Table 1.7.1.

Equipment schedule is to be followed, as outlined in Section 8 of this Appendix II.

Measurement or Reference Tables
kW = HV unit kW, as outlined in Table 1.7.1.
Design Volume = total design volume of air (CFM) per HV unit, as outlined in Table
1.7.1.
% OA = percentage of Outdoor air per unit, as outlined in Table 1.7.1.
Heating factor = heat (btu) needed to condition outdoor air, per HV unit as in Table 1.7.1.
This value is based on 30 year average weather data, and the proposed post-retrofit
operation schedule.
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Table 1.7.1 – HV unit data

HV Unit
Operational

Mode

Design Total

Flowrate, cfm

Design OA

Flowrate, cfm

Fan Power,

kWpre AOHrpre % OA CFM

Heating

Factor,

BTU/OA cfm

HV #001 1 20,000 20,000 22.31 6472 100% 120,022

DH #106 2 25,000 21,250 22.31 1345 39% 42,360

DH #107 1 35,000 29,750 22.31 6472 20% 120,022

DH #108 1 35,000 29,750 22.31 6472 2% 120,022

DH #109 1 50,000 42,500 22.31 6472 75% 120,022

DH #110 1 50,000 42,500 22.31 6472 37% 120,022

DH #111 1 25,000 21,250 22.31 6472 10% 120,022

DH #112 2 35,000 29,750 22.31 1345 39% 42,360

DH #113 1 25,000 21,250 22.31 6472 3% 120,022

DH #114 1 50,000 42,500 22.31 6472 7% 120,022

DH #115 1 60,000 42,000 22.31 6472 51% 120,022

DH #116 1 60,000 42,000 22.31 6472 119% 120,022

HV #114 1 50,000 42,500 22.31 6472 18% 120,022

HV #115 5 50,000 42,500 26.18 2288 -

HV #116 3 50,000 42,500 26.18 3633 16% 42,360

HV #117 3 50,000 42,500 26.18 3633 19% 42,360

HV #118 4 50,000 42,500 26.18 827 39% 27,990

HV #119 5 50,000 42,500 26.18 2288 -

HV #120 4 50,000 42,500 26.18 827 39% 27,990

HV #121 5 50,000 42,500 26.18 2288 -

HV #122 4 50,000 42,500 26.18 827 39% 27,990

HV #123 3 50,000 42,500 26.18 3633 19% 42,360

HV #124 5 50,000 42,500 26.18 2288 -

HV #125 4 50,000 42,500 26.18 827 39% 27,990

HV #126 4 50,000 42,500 26.18 827 39% 27,990

HV #126A 5 50,000 42,500 26.18 2288 -

HV #127 4 50,000 42,500 26.18 827 39% 27,990

HV #128 5 50,000 42,500 26.18 2288 -

HV #129 3 50,000 42,500 26.18 3633 16% 42,360

HV #130 5 50,000 42,500 26.18 2288 -

HV #131 5 50,000 42,500 26.18 2288 -

HV #132 5 50,000 42,500 26.18 2288 -

HV #133 4 50,000 42,500 26.18 827 39% 27,990

HV #134 4 50,000 42,500 26.18 827 39% 27,990

HV #135 4 50,000 42,500 26.18 827 39% 27,990

HV #136 5 50,000 42,500 26.18 2288 -

HV #137 4 50,000 42,500 26.18 827 39% 27,990

HV #138 4 50,000 42,500 26.18 827 39% 27,990

HV #139 5 50,000 42,500 26.18 2288 -

HV #140 4 50,000 42,500 26.18 827 39% 27,990

HV #141 3 50,000 42,500 26.18 3633 7% 42,360

HV #142 5 50,000 42,500 26.18 2288 -
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Note: Operational Mode based on discussion with plant, location of unit and survey.

Savings Calculations:
Electric Savings (kWh/yr):

kWhS = kW * (AOHrpre – AOHrpost) summed over all HV units

Natural Gas Savings (mmbtu/yr):
MMBTUS = Design Volume * % OA CFM * Heating Factor / 1,000,000 Btu/MMBtu

Cost Savings ($/yr):
$S = (kWhS x $/kWh, x) + (MMBTUS x $/Natural Gas, x)

Where:
kWhS = annual kilowatt-hour savings
MMBTUS = annual MMBTU of natural gas savings
$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol
$/Natural Gas, x = energy unit cost per MMBtu of natural gas as defined in
Section 2 of the Performance Assurance Protocol

4.9 FIM 5: Final Assembly Ventilation

Location(s): General Assembly

Overview:
Energy savings will be verified by monitoring the run times of the associated HV
equipment, as outlined in Table 1.6.1 below. Energy savings will be realized by
scheduling this equipment to turn off when the space is not in use. Energy savings will
be verified by taking one-time post-retrofit measurement of fan and motor kW, and by
continuously monitoring the annual operating hours of the equipment through the energy
management system. Siemens will not be responsible for lost energy savings due to
overriding equipment schedules.

Pre-Retrofit Measurement\Calculations:
AOHrpre = pre-retrofit annual operating hours, as outlined in Table 1.8.1.

Post-Retrofit Measurement\Calculations:
AOHrpost = post-retrofit annual operating hours, as outlined in Table 1.8.1.

Winter < 65 °F Summer > 65 °F Winter < 65 °F Summer > 65 °F

1 on below 65 °F off Most TDHs, few H and Vs 6,472 - 2,728 -

2 on below 30 °F off Balance of TDHs 1,345 - 567 -

3 on below 30 °F on above 65 °F Most H and V units 1,345 2,288 567 965

4 on below 25 °F off The rest of the H and V units 827 - 349 -

5 off on above 65 °F Summer H and V units - 2,288 - 965

6 on on Fume Areas 8,760 8,760 8,760 8,760

7 off off Decommissioned - - - -

Mode Winter Summer Type
Pre-Retrofit Annual Hours

(AOHrpre)

Post-Retrofit Annual Hours

(AOHrpost)
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Equipment schedule is to be followed, as outlined in Section 8 of this Appendix II.

Measurement or Reference Tables
kW = HV unit kW, as outlined in Table 1.8.1.
Design Volume = total design volume of air (CFM) per HV unit, as outlined in Table
1.8.1.
% OA = percentage of Outdoor air per unit, as outlined in Table 1.8.1.
Heating factor = heat (btu) needed to condition outdoor air, per HV unit as in Table 1.8.1.
This value is based on 30 year average weather data, and the proposed post-retrofit
operation schedule.
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Table 1.8.1 – HV unit data
HV Unit

Operational

Mode

Design Total

Flowrate, cfm

Design OA

Flowrate, cfm

Fan Power,

kWpre AOHrpre % OA CFM
Heating Factor,

BTU/OA cfm

HV #2 7 50,000 42,500

HV #3 3 50,000 42,500 26.18 3633 22% 42,360

HV #5 4 50,000 42,500 26.18 827 38% 27,990

HV #6 5 50,000 42,500 26.18 2288

HV #7 4 50,000 42,500 26.18 827 38% 27,990

HV #8 4 50,000 42,500 26.18 827 38% 27,990

HV #9 4 50,000 42,500 26.18 827 38% 27,990

HV #10 5 50,000 42,500 26.18 2288

HV #11 5 50,000 42,500 26.18 2288

HV #12 4 50,000 42,500 26.18 827 38% 27,990

HV #13 4 50,000 42,500 26.18 827 38% 27,990

HV #14 5 50,000 42,500 26.18 2288

HV #14A 4 50,000 42,500 26.18 827 38% 27,990

HV #15 4 50,000 42,500 26.18 827 38% 27,990

HV #16 4 50,000 42,500 26.18 827 38% 27,990

HV #16A 3 50,000 42,500 26.18 3633 41% 42,360

HV #19 5 50,000 42,500 26.18 2288

HV #20 4 50,000 42,500 26.18 827 38% 27,990

HV #21 4 50,000 42,500 26.18 827 38% 27,990

HV #22 5 50,000 42,500 26.18 2288

HV #23 4 50,000 42,500 26.18 827 38% 27,990

HV #24 4 50,000 42,500 26.18 827 38% 27,990

HV #25 5 60,000 60,000 26.18 2288

HV #26 5 50,000 42,500 26.18 2288

HV #27 4 50,000 42,500 26.18 827 38% 27,990

HV #28 7 50,000 42,500

HV #30 4 50,000 42,500 26.18 827 38% 27,990

HV #31 5 50,000 42,500 26.18 2288

HV #33 3 50,000 42,500 26.18 3633 16% 42,360

HV #101 5 50,000 42,500 26.18 2288

HV #102 3 50,000 42,500 26.18 3633 8% 42,360

HV #103 4 50,000 42,500 26.18 827 38% 27,990

HV #104 4 50,000 42,500 26.18 827 38% 27,990

HV #105 4 50,000 42,500 26.18 827 38% 27,990

HV #106 5 50,000 42,500 26.18 2288

HV #107 5 50,000 42,500 26.18 2288

HV #108 4 50,000 42,500 26.18 827 38% 27,990

HV #109 5 50,000 42,500 26.18 2288

HV #110 4 50,000 42,500 26.18 827 38% 27,990

HV #111 4 50,000 42,500 26.18 827 38% 27,990

HV #112 5 50,000 42,500 26.18 2288

HV #113 7 50,000 42,500

HV #150 3 60,000 51,000 26.18 3633 35% 42,360

HV #151 4 50,000 42,500 26.18 827 38% 27,990

HV #501 3 50,000 42,500 26.18 3633 18% 42,360

HV #502 4 50,000 42,500 26.18 827 38% 27,990

HV #503 4 50,000 42,500 26.18 827 38% 27,990

HV #504 3 50,000 42,500 26.18 3633 21% 42,360

HV #505 4 50,000 42,500 26.18 827 38% 27,990

HV #506 5 50,000 42,500 26.18 2288

HV #511 3 50,000 42,500 26.18 3633 16% 42,360

HV #512 4 50,000 42,500 26.18 827 38% 27,990

HV #513 4 50,000 42,500 26.18 827 38% 27,990

HV #514 4 50,000 42,500 26.18 827 38% 27,990

HV #515 4 50,000 42,500 26.18 827 38% 27,990

HV #516 3 40,000 34,000 26.18 3633 1% 42,360

HV #517 3 50,000 42,500 26.18 3633 13% 42,360

HV #518 4 60,000 51,000 26.18 827 38% 27,990

DH #25 2 50,000 42,500 22.31 1345 38% 42,360

DH #101 1 60,000 51,000 22.31 6472 49% 120,022

DH #102 1 50,000 42,500 22.31 6472 75% 120,022

DH #103 1 50,000 42,500 22.31 6472 71% 120,022

DH #104 1 50,000 42,500 22.31 6472 58% 120,022

DH #105 1 60,000 51,000 22.31 6472 53% 120,022

DH #301 1 35,000 29,750 22.31 6472 50% 120,022

DH #401 1 35,000 29,750 22.31 6472 28% 120,022

DH #402 1 50,000 42,500 22.31 6472 67% 120,022

DH #403 1 35,000 29,750 22.31 6472 23% 120,022

DH #404 1 60,000 51,000 22.31 6472 83% 120,022

DH #405 1 50,000 42,500 22.31 6472 25% 120,022

DH #407 2 50,000 42,500 22.31 1345 38% 42,360
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Note: Operational Mode based on discussion with plant, location of unit and survey.

Savings Calculations:
Electric Savings (kWh/yr):

kWhS = kW * (AOHrpre – AOHrpost) summed over all HV units

Natural Gas Savings (mmbtu/yr):
MMBTUS = Design Volume * % OA CFM * Heating Factor / 1,000,000 Btu/MMBtu

Cost Savings ($/yr):
$S = (kWhS x $/kWh, x) + (MMBTUS x $/Natural Gas, x)

Where:
kWhS = annual kilowatt-hour savings
MMBTUS = annual MMBTU of natural gas savings
$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol
$/Natural Gas, x = energy unit cost per MMBtu of natural gas as defined in
Section 2 of the Performance Assurance Protocol

4.10 FIM 6a – Install Compressor for non-production pressure reduction

Location(s): General Assembly Compressed Air

Overview:
Energy savings will be realized by operating the compressed air system at a lower
pressure during weekends. Energy savings will be verified by taking a one-time
instantaneous measurement of the kW associated with the compressed air system post-
retrofit

Pre-Retrofit Measurement\Calculations:
kWpre = average pre-retrofit kW of compressed air system during non-production
weekend = 1,343 kW at 95 psi, as measured during the detailed audit phase.
kWreduced = average pre-retrofit kW of compressed air system during same non-
production weekend = 1,201 kW at 70 psi, as measured during the detailed audit phase.

Winter < 65 °F Summer > 65 °F Winter < 65 °F Summer > 65 °F

1 on below 65 °F off Most TDHs, few H and Vs 6,472 - 2,728 -

2 on below 30 °F off Balance of TDHs 1,345 - 567 -

3 on below 30 °F on above 65 °F Most H and V units 1,345 2,288 567 965

4 on below 25 °F off The rest of the H and V units 827 - 349 -

5 off on above 65 °F Summer H and V units - 2,288 - 965

6 on on Fume Areas 8,760 8,760 8,760 8,760

7 off off Decommissioned - - - -

Mode Winter Summer Type
Pre-Retrofit Annual Hours

(AOHrpre)

Post-Retrofit Annual Hours

(AOHrpost)
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Post-Retrofit Measurement\Calculations:
kWpost = post-retrofit average kW of small compressed air systems trended for one shift
of post-retrofit installation

Savings Calculations:
Electric Savings (kWh/yr):

kWhS = (kWpre – kWreduced - kWpost) * Hours

Cost Savings ($/yr):
$S = (kWhS x $/kWh, x)

Where:
kWhS = annual kilowatt-hour savings
Hours = annual production weekend hours where pressure can be reduced = 576
hours/year
$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol

4.11 FIM 6b – Repair Air leaks to achieve 604 SCFM leak reduction

Location(s): Compressed Air System

Overview:
Energy savings will be realized by reducing the number of leaks in the existing
compressed air system. A flow meter will be used to measure the flow rate pre and
post-retrofit one-time post-retrofit in order to quantify the reduction in lost CFM due to
leaks.

Pre-Retrofit Measurement\Calculations:
Flowpre,non-prod = pre-retrofit air flow (CFM) through the compressed air system during
non-production hours, measured one-time pre-retrofit at 72 psi
kW/SCFMprod = power consumption (kW) per SCFM generated by compressed air
system during production hours = 0.20, as measured during the detailed energy audit.
kW/SCFMnon-prod = power consumption (kW) per SCFM generated by compressed air
system during non-production hours = 0.26, as measured during the detailed energy
audit.
Hoursprod = annual production hours = 4,608
Hoursnon-prod = annual non-production hours = 4,152

Post-Retrofit Measurement\Calculations:
Flowpost,non-prod = post-retrofit air flow (CFM) through the compressed air system during
non-production hours, measured one-time post-retrofit at 72 psi

Savings Calculations:
Electric Savings (kWh/yr):

kWhS = kWhS,prod + kWhS,non-prod

kWhS,prod = ((Flowpost,non-prod – Flowpre,non-prod) * Ratio)* kW/SCFMprod * Hoursprod

kWhS,non-prod = (Flowpost,non-prod – Flowpre,non-prod) * kW/SCFMnon-prod * Hoursnon-prod
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Cost Savings ($/yr):
$S = (kWhS x $/kWh, x)

Where:
kWhS = annual kilowatt-hour savings
Ratio = Ratio of absolue pressures = (95psi + 14.7) / (72psi + 14.7)
$/kWh, x = blended unit cost of electricity per kWh as defined in Section 2 of the
Performance Assurance Protocol

Section 5: Measurement and Verification Plan Methodology

The following summary outlines the energy baseline and proposed methodologies used to
measure and quantify the project energy savings. The Performance Assurance Protocol details
the plant utility and equipment baseline and specific project savings projections.

Baseline Information Recorded

1. Conducted analysis of the Paint Shop equipment and systems, including:

a) Air Supply Houses

i) Fans

ii) Burners and Gas Trains

b) Exhaust Fans

c) Spray Booths

i) Plenum

ii) Eliminators

d) Spray Booth Abatement Systems

i) SLA Fans

ii) Desorption Fans

iii) RTO Exhaust Fans

e) Oven Systems

f) Oven Abatement Systems

2. A detailed study was performed by an independent firm measuring and recording the
following:

a) Air Supply Houses

i) Air Flow (CFM)

ii) Face Velocity

iii) Static pressure

iv) Fan Amps

v) Fan RPM

vi) Fan Volts

vii) VFD Frequency

viii) Discharge Air Temp

ix) Discharge Air Humidity

x) ASH Room Air Pressures

b) Exhaust Fans
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i) Air Flow (CFM)

ii) Air Velocity

iii) Static Pressure

iv) Fan Amps

v) Fan Volts

vi) Fan RPM

vii) Air Temp

viii) Ambient Barometric Pressure

ix) Duct Barometric Pressure

x) Discharge Air Temp

c) Spray Booths

i) Downdraft Air Flow

ii) Empty Zone Air Flow (CFM)

d) Spray Booth Abatement Systems

i) Filter House Air Flows (CFM)

ii) Filter House Face Velocity

iii) Filter House Air Temperature

iv) Static pressure

v) Fan Amps

vi) Fan RPM

vii) Fan Volts

viii) VFD Frequency

ix) Air Temperatures

e) Ovens

i) Oven Exhaust Air Flows (CFM)

ii) Oven Exhaust Temperature

f) Oven Abatement Systems

i) RTO Chamber Temperature

ii) RTO Exhaust Temperature

3. Established operating savings for above equipment using actual measurements, operating
characteristics and 30 year average weather conditions.

4. Reviewed existing and proposed operating strategies.

5. Surveyed equipment and spoke with plant staff to verify equipment operating characteristics
during production, non production and plant shutdown periods.

6. Conducted meetings with paint shop engineering, discussing existing conditions, operating
requirements, and proposed future plans.

Savings Measurements

1. FIM 1a – Enamel Spray Booth Recirculating: record post-retrofit power demand (kW), and
air flow (CFM). Monitor damper position and fan status to ensure proper fan scheduling
through EMS trending.
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2. FIM 1b – Minimize the ventilation rate in the paper pull zone: record post-retrofit power
demand (kW), and air flow (CFM). Monitor damper position and fan status to ensure proper
fan scheduling through EMS trending.

3. FIM 1c – Install new PLC control equipment for idle operating mode: monitor unit mode
(production, idle, fire/maintenance, off). Record post-retrofit fan demand (kW).

4. FIM 1d – Implement downdraft reduction in the clear coat manual and flex zones: record
post-retrofit power demand (kW), and air flow (CFM). Monitor damper position and fan
status to ensure proper fan scheduling through EMS trending.

5. FIM 2a – Reroute the CC Bell zone to the abatement system: record post-retrofit power
demand (kW) and monitor equipment annual operating hours through EMS trending.

6. FIMs 3, 4, 5– Ventilation Unit Control: monitor equipment annual operating hours through
EMS trending.

7. FIM 6a – Install Compressor for non-production pressure reduction: record post-retrofit
power demand (kW) during non-production operation.

8. FIM 6b – Repair Air leaks to achieve 604 SCFM off-shift reduction: record leakage CFM
during non-production hours pre and post-retrofit.

End of Performance Assurance Protocol
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Section 6 – Engineering Model

Hourly Net Heat Required (Btu/lbm OA air) = (Design Enthalpy – Out Door Enthalpy)

Hourly Net Water Required (grain/lbm OA air) = (Design humidity – Out door humidity)

Total Yearly Value = hourly Air Flow x hourly values

Outdoor enthalpy and outdoor humidity based on TMY3 30 yr data from Cleveland
Hopkins Int. Airport.

Design Criteria for Spraybooths
Dry
Bulb

%Relative
Humidity

Dew
Point

Humidity
Ratio Enthalpy Density

o
F

% o
F gr/lb btu/lb lb/cu.ft.

BC - Automation 75 60% 60.19 80.38 30.57 0.0717

CC - Automation 75 60% 60.19 80.38 30.57 0.0717

ASH 1 70 60% 55.5 67.7 27.37 0.0724

ASH 2 75 60% 60.19 80.38 30.57 0.0717

ASH 3 75 60% 60.19 80.38 30.57 0.0717

ASH 4 72 60% 57.37 72.54 28.61 0.0721
ASH 5 - Clear Coat
Manual 68 60% 59.15 63.15 26.17 0.0727

ASH 6 75 60% 60.19 80.38 30.57 0.0717

ASH 7 72 60% 57.37 72.54 28.61 0.0721

Paper Pull 72 60% 57.37 72.54 28.61 0.0721

CC Flex = ASH 7 - Paper Pull
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Section 7 – Engineering Calculations

KCR
Natural Gas = Reheat Load + Desorb Load
Reheat Load = (1.08 x KCR Air Flow x DT x Annual Hours/ Boiler Eff.)/1,000,000
Desorb Load = (1.08 x RTO Air Flow x DT x Annual Hours/ Heat Eff.)/1,000,000

Electricity = Fan Power x Hours

KCR KCR
Air flow
cfm

KCR
DT F

Annual
Hours

Boiler
Eff.

RTO Air
Flow
cfm

RTO
DT F

Heater
Eff.

Fan Power
kW

Base
Coat

37,973 20 8,232 81% 9,002 209 80% 41.1

Clear
Coat

52,992 20 8,232 81% 11,354 209 80% 38.4

RTO
Natural Gas = (1.08 x (RTO Air Flow x RTO DT + Burner Flow x Burner DT) + RTO
Losses – VOC Contribution) x Annual Hours/ 1,000,000
RTO Losses = Radiation and Convection losses from the RTO
VOC Contribution = Lbs/Hr VOC burned x VOC Heating Value

Electricity = Fan Power x Annual Hours

RTO RTO Air
flow
cfm

RTO DT
F

Burner
Flow

Burner
DT

RTO
Losses
Btu/hr

VOC
Contribution
Btu/hr

Annual
Hours

Fan
Power
kW

Base
Coat

9,002 148 274 209 281,250 218,452 8,232 58.9

Clear
Coat

11,354 102 274 159 412,500 146,711 8,232 28

Reheat Boiler Load
Reheat Boiler = Hours of operation x (Base Coat Airflow + Clear Coat Airflow) X
DT/Boiler Eff)/1,000,000
Base Coat Airflow = 37,973 cfm
Clear Coat Airflow = 52,992 cfm
DT = 16
Boiler Eff = 81%
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