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4.4.15 Single-Package and Split System Unitary Air Conditioners

DESCRIPTION

This measure promotes the installation of high-efficiency unitary air-, water-, and evaporatively cooled air
conditioning equipment, both single-package and split systems. Air conditioning (AC) systems are a major
consumer of electricity and systems that exceed baseline efficiencies can save considerable amounts of energy.
This measure could apply to the replacing of an existing unit at the end of its useful life or the installation of a new
unit in a new or existing building.

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is assumed to be a high-efficiency air-, water-, or
evaporatively cooled air conditioner that exceeds the energy efficiency requirements of the 2012 or 2015
(applicable from 01/01/2016) International Energy Conservation Code (IECC), depending on the IECC in effect on
the date of the building permit (if unknown assume IECC 2015).

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be a standard-efficiency air-,
water, or evaporatively cooled air conditioner that meets the energy efficiency requirements of the 2012 or 2015
IECC, depending on the IECC in effect on the date of the building permit (if unknown assume IECC 2015). For Time
of Sale programs assume IECC 2015 The rating conditions for the baseline and efficient equipment efficiencies
must be equivalent.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.347

DEeMED MEASURE COST

The incremental capital cost for this measure is assumed to be $100 per ton.348

LOADSHAPE

Loadshape C03 - Commercial Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to
estimate peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second
represents the average savings over the defined summer peak period, and is presented so that savings can be bid
into PJM’s Forward Capacity Market. Both values provided are based on analysis of Itron eShape data for Missouri,
calibrated to Illinois loads, supplied by Ameren.

CFssp = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 349
CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)

347 Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, Inc., June 2007.
348 Based on a review of TRM incremental cost assumptions from Vermont, Wisconsin, and California. This assumes that
baseline shift from IECC 2012 to IECC 2015 carries the same incremental costs. Values should be verified during evaluation

349 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.
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= 47.8% 3%

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Where:

For units with cooling capacities less than 65 kBtu/hr:

AkWH

= (kBtu/hr) * [(1/SEERbase) — (1/SEERee)] * EFLH

For units with cooling capacities equal to or greater than 65 kBtu/hr:

AkWH

kBtu/hr

SEERbase

SEERee
EERbase

EERee

EFLH

= (kBtu/hr) * [(1/EERbase) — (1/EERee)] * EFLH

= capacity of the cooling equipment actually installed in kBtu per hour (1 ton of cooling
capacity equals 12 kBtu/hr)

= Seasonal Energy Efficiency Ratio of the baseline equipment

= SEER values from tables below, based on applicable IECC on date of building permit (if
unknown assume IECC 2015).

= Seasonal Energy Efficiency Ratio of the energy efficient equipment (actually installed)
= Energy Efficiency Ratio of the baseline equipment

= EER values from tables below, based on applicable IECC on date of the building permit
(if unknown assume IECC 2015). (For air-cooled units < 65 kBtu/hr, assume the following
conversion from SEER to EER for calculation of peak savings:3%! EER = (-0.02 * SEER?) +
(1.12 * SEER))

= Energy Efficiency Ratio of the energy efficient equipment. For air-cooled units < 65
kBtu/hr, if the actual EERee is unknown, assume the conversion from SEER to EER for
calculation of peak savings as above).

= Actual installed

= Equivalent Full Load Hours for cooling are provided in section 4.4 HVAC End Use

350 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year

351 Based on Wassmer, M. (2003). A Component-Based Model for Residential Air Conditioner and Heat Pump Energy
Calculations. Masters Thesis, University of Colorado at Boulder. Note this is appropriate for single speed units only.
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2012 |IECC Minimum Efficiency Requirements
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2015 |ECC Minimum Efficiency Requirements
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For example a 5 ton air cooled split system with a SEER of 15 at a retail strip mall in Rockford would save:
AKWH =(60) * [(1/13) — (1/15)] * 950
=585 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkWssp = (kBtu/hr * (1/EERbase - 1/EERee)) * CFssp
AkWpm = (kBtu/hr * (1/EERbase - 1/EERee)) * CFpim

Where:
CFsse = Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
=91.3% 352
CFem = PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% 353

352 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The AC load during the
utility’s peak hour is divided by the maximum AC load during the year.

353Based on analysis of Itron eShape data for Missouri, calibrated to lllinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year
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For example, a 5 ton air cooled split system with a SEER of 15 in Rockford would save:
AkWssp = (60) * [(1/13) —(1/15)] * .913
=0.562 kW

NATURAL GAS ENERGY SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

MEASURE CobDE: CI-HVC-SPUA-V04-160601
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4.4.16 Steam Trap Replacement or Repair

DESCRIPTION

The measure is for the repair or replacement of faulty steam traps that are allowing excess steam to escape and
thereby increasing steam generation. The measure is applicable to commercial applications, commercial HVAC
(low pressure steam) including multifamily buildings, low pressure industrial applications, medium pressure
industrial applications, applications and high pressure industrial applications.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Customers must have leaking traps to qualify for rebates. However, if a commercial customer opts to replace all
traps without inspection, rebates and the savings are discounted to take into consideration the fact that some
traps are being replaced that have not yet failed.

DEFINITION OF BASELINE EQUIPMENT

The baseline criterion is a faulty steam trap in need of replacing. No minimum leak rate is required. Any leaking or
blow through trap can be repaired or replaced. If a commercial customer chooses to repair or replace all the
steam traps at the facility without verification, the savings are adjusted. Savings for commercial full replacement
projects are reduced by the percentage of traps found to be leaking on average from the studies listed. If an audit
is performed on a commercial site, then the leaking and blowdown can be adjusted.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The life of this measure is 6 years35

DEEMED MEASURE COST

Steam System Cost per trap>>> ($)

Commercial Dry Cleaners 77
Commercial Heating (including Multifamily), low pressure steam 77
Industrial Medium Pressure >15 psig psig < 30 psig 180
Steam Trap, Industrial Medium Pressure >30 <75 psig 223
Steam Trap, Industrial High Pressure 275 <125 psig 276
Steam Trap, Industrial High Pressure 2125 <175 psig 322
Steam Trap, Industrial High Pressure 2175 <250 psig 370
Steam Trap, Industrial High Pressure 2250 psig 418
Steam Trap, Industrial Medium Pressure 230 <75 psig 223

354Source paper is the CLEAResult "Steam Traps Revision #1" dated August 2011. Primary studies used to prepare the source
paper include Enbridge Steam Trap Survey, KW Engineering Steam Trap Survey, Enbridge Steam Saver Program 2005,
Armstrong Steam Trap Survey, DOE Federal Energy Management Program Steam Trap Performance Assessment, Oak Ridge
National Laboratory Steam System Survey Guide, KEMA Evaluation of PG&E's Steam Trap Program, Sept. 2007. Communication
with vendors suggested a inverted bucket steam trap life typically in the range of 5 - 7 years, float and thermostatic traps 4- 6
years, float and thermodynamic disc traps of 1 - 3 years. Cost does not include installation.

355 | bid.
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Steam System Cost per trap>> ($)

Steam Trap, Industrial High Pressure 275 <125 psig 276
Steam Trap, Industrial High Pressure 2125 <175 psig 322
Steam Trap, Industrial High Pressure 2175 <250 psig 370
Steam Trap, Industrial High Pressure 2250 psig 418

LOADSHAPE
N/A
COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS
ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS

ATherm =Sa * (Hv/B) * Hours * L / 100,000
Where:
Sa = Average actual steam loss per leaking trap
=24.24 x Piax D*x Ax FF
Where:
24.24 = Constant Ib/(hr-psia-in?)

Pia = Pig + Patm

= Average steam trap inlet pressure, absolute, psia

Pig = Average steam trap inlet pressure, gauge, psig
Patm = Atmospheric pressure, 14.7 psia

D = Diameter of Orifice, in.

A = Adjustment factor
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= 50%,%% all steam systems. This factor is to account for reducing the maximum
theoretical steam flow to the average steam flow (the Enbridge factor).

FF = Flow Factor. In addition to the Adjustment factor (A), an additional 50 percent flow
factor adjustment is recommended for medium and high pressure steam systems to
address industrial float and thermostatic style traps where additional blockage is

possible.
Average Diameter Average Actual
. Steam Trap of Orifice Adjustment Flow Steam Loss per
¥ Inlet Pressure in Factor Factor Leaking Trap
psig3%7 (Ib/hr/trap)
Commercial Dry Cleaners - - 50% 100% 19.1
Commercial Heating (including Multifamily) LPS - - 50% 100% 6.9
Industrial or Process Low Pressure, <15 psig - - 50% 100% 6.9
Medium Pressure >15 psig < 30 psig 16 0.1875 50% 50% 6.5
Medium Pressure 230 <75 psig 47 0.2500 50% 50% 234
High Pressure >75 <125 psig 101 0.2500 50% 50% 43.8
High Pressure 2125 <175 psig 146 0.2500 50% 50% 60.9
High Pressure >175 <250 psig 202 0.2500 50% 50% 82.1
High Pressure 2250 <300 psig 263 0.2500 50% 50% 105.2
High Pressure > 300 psig Custom Custom 50% 50% Calculated
Hv = Heat of vaporization of steam
Average Inlet He.at c_:f 358
Steam System Pressure bsi Vaporization
psie (Btu/Ib)

Commercial Dry Cleaners -- 890

Commercial Heating (including Multifamily) LPS - 951

Industrial and Process Low Pressure <15 psig -- 951

Medium Pressure >15 psig < 30 psig 16 944

Medium Pressure >30 <75 psig 47 915

High Pressure 275 <125 psig 101 880

High Pressure 2125 <175 psig 146 859

High Pressure 2175 <250 psig 202 837

356 Enbridge adjustment factor used as referenced in CLEAResult “Work Paper Steam Traps Revision #2" Revision 3 dated March
2, 2012 and DOE Federal Energy Management Program Steam Trap Performance Assessment.

357 Medium and high pressure steam trap inlet pressure based on Navigant analysis of source collected during program
implementation by Nicor Gas for GPY1 through GPY4. For each steam trap project, the data provided measure savings
description, operating pressure, installation Zip code, business building type, program year, and annual operating hours.

358 Heat of vaporization of steam at the inlet pressure to the steam trap. Implicit assumption that the average boiler nominal
pressure where the vaporization occurs, is essentially that same pressure. Referenced in CLEAResult “Work Paper Steam Traps
Revision #2" Revision 3 dated March 2, 2012.
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High Pressure 2250 <300 psig 263 816
High Pressure > 300 psig -- Custom
B = Boiler efficiency
= custom, if unknown:
= 80.7% for steam boilers, except multifamily low-pressure 3%°
= 64.8% for multifamily low-pressure steam boilers 360
Hours = Annual operating hours of steam plant
= custom, if unknown:
Steam System Z::;i(cv::; r)e Hours/Yr36!
Commercial Dry Cleaners 2,425
Industrial and Process Low Pressure <15 psig 8,282
Medium Pressure >15 psig < 30 psig 8,282
Medium Pressure 230 <75 psig 8,282
All Climate Zones
High Pressure 275 <125 psig 8,282
High Pressure 2125 <175 psig 8,282
High Pressure 2175 <250 psig 8,282
High Pressure 2250 psig 8,282
1 (Rockford) 4,272
2 (Chicago O'Hare) 4,029
Commercial Heating (including Multifamily)LPS362 3 (Springfield) 3,406
4 (Belleville) 2,515
5 (Marion) 2,546

L = Leaking & blow-thru

L is 1.0 when applied to the replacment of an individual leaking trap. If a number of steam traps are
replaced and the system has not been audited, the leaking and blow-thru is applied to reflect the
assumed percentage of steam traps that were actually leaking and need to be replaced. A custom value
can be utilized if a supported by an evaluation.

359 |bid.

360 Katrakis, J. and T.S. Zawacki. “Field-Measured Seasonal Efficiency of Intermediate-sized Low-Pressure Steam Boilers”.
ASHRAE V99, pt. 2, 1993.

361 Medium and high pressure steam trap annual operating hours based on Navigant analysis of source collected during
program implementation by Nicor Gas for GPY1 through GPY4. For each steam trap project, the data provided measure savings
description, operating pressure, installation Zip code, business building type, program year, and annual operating hours.

362 Since commercial LPS reflect heating systems, Hours/yr are equivalent to HDD55 zone table
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Steam System L (%)363

Custom Custom
Commercial Dry Cleaners 27%
Commercial Heating (including Multifamily) LPS 27%
Industrial and Process Low Pressure <15 psig 16%
Medium Pressure >15 psig < 30 psig 16%
Medium Pressure >30 <75 psig 16%
High Pressure 275 <125 psig 16%
High Pressure 2125 <175 psig 16%
High Pressure 2175 <250 psig 16%
High Pressure > 300 psig 16%

EXAMPLE

For example, a commercial dry cleaning facility with the default hours of operation and boiler efficiency;

ATherms = Sa * (Hv/B) * Hours * L

=19.1 Ibs/hr/trap * (890 Btu/Ib / 80%)/100,000 * 2,425 * 27%

= 138.8 therms per trap

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: CI-HVC-STRE-V04-160601

363Dry cleaners survey data as referenced in CLEAResult “Work Paper Steam Traps Revision #2" Revision 3 dated March 2, 2012.
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4.4.17 Variable Speed Drives for HYAC Pumps and Cooling Tower Fans

DESCRIPTION

This measure is applied to variable speed drives (VSD) which are installed on the following HVAC system
applications: chilled water pump, hot water pumps. There is a separate measure for HVAC supply and return fans.
All other VSD applications require custom analysis by the program administrator. The VSD will modulate the speed
of the motor when it does not need to run at full load. Since the power of the motor is proportional to the cube of
the speed for these types of applications, significant energy savings will result.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The VSD is applied to a motor which does not have a VSD. The application must have a variable load and
installation is to include the necessary controls. Savings are based on application of VSDs to a range of baseline
load conditions including no control, inlet guide vanes, outlet guide vanes and throttling valves.

DEFINITION OF BASELINE EQUIPMENT

The time of sale baseline is a new motor installed without a VSD or other methods of control. Retrofit baseline is
an existing motor operating as is. Retrofit baselines may or may not include guide vanes, throttling valves or other
methods of control. This information shall be collected from the customer.

Installations of new equipment with VSDs which are required by IECC 2012 or 2015 as adopted by the State of
lllinois are not eligible for incentives.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life for HVAC application is 15 years;3%4 measure life for process is 10 years.365

DEEMED MEASURE COST

Customer provided costs will be used when available. Default measure costs3%® are noted below for up to 20 hp

motors. Custom costs must be gathered from the customer for motor sizes not listed below.

HP Cost

1-5HP $1,330
7.5HP $1,622
10 HP $1,898
15 HP $2,518
20 HP $ 3,059

LOADSHAPE
Loadshape C42 - VFD - Boiler feedwater pumps <10 HP
Loadshape C43 - VFD - Chilled water pumps <10 HP

364 Efficiency Vermont TRM 10/26/11 for HVAC VSD motors

365 DEER 2008

366 Ohio TRM 8/6/2010 varies by motor/fan size based on equipment costs from Granger 2008 Catalog pp 286-289, average
across available voltages and models. Labor costs from RS Means Data 2008 Ohio average cost adjustment applied.
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Loadshape C44 - VFD Boiler circulation pumps <10 HP
Loadshape C48 - VFD Boiler draft fans <10 HP
Loadshape C49 - VFD Cooling Tower Fans <10 HP

COINCIDENCE FACTOR

The demand savings factor (DSF) is already based upon coincident savings, and thus there is no additional
coincidence factor for this characterization.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = BHP /EFFi * Hours * ESF
Where:
BHP = System Brake Horsepower
(Nominal motor HP * Motor load factor)

Motors are assumed to have a load factor of 65% for calculating kW if actual values
cannot be determined3®”. Custom load factor may be applied if known.

EFFi = Motor efficiency, installed. Actual motor efficiency shall be used to calculate kW. If
not known a default value of 93% shall be used.368

Hours = Default hours are provided for HVAC applications which vary by HVAC application and
building type3%°. When available, actual hours should be used.

o Heatin Coolin Heating and
Building Type Run Hougrs Run Hofrs Cooling an Hours
Assembly 4388 2150 7235
Assisted Living 4711 4373 8760
College 3990 1605 6103
Convenience Store 4136 2084 7004
Elementary School 5105 3276 7522
Garage 4849 2102 7357
Grocery 4200 2096 7403
Healthcare Clinic 5481 1987 6345
High School 5480 3141 7879
Hospital - VAV econ 3718 2788 8760

367 Del Balso, Ryan J. “Investigation into the Reliability of Energy Efficiency/Demand Side Management Savings Estimates for
Variable Frequency Drives in Commercial Applications”, University of Colorado, Department of Civil, Environmental and
Architectural Engineering, 2013.

368 Ohio TRM 8/6/2010 pp207-209, Com Ed TRM June 1, 2010.

369 Hours per year are estimated using the eQuest models as the total number of hours the heating or cooling system is
operating for each building type. “Heating and Cooling Run Hours” are estimated as the total number of hours fans are
operating for heating, cooling and ventilation for each building type. This may overclaim certain applications (e.g. pumps) and
so where possible actual hours should be used for these applications.
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o Heating Cooling Heating and
Building Type Run Hours Run Hours Cooling Run Hours
Hospital - CAV econ 7170 2881 8760
Hospital - CAV no econ 7139 8760 8760
Hospital - FCU 5844 8729 8760
Manufacturing Facility 3821 2805 8706
MF - High Rise 4522 4237 8760
MF - Mid Rise 5749 2899 8760
Hotel/Motel - Guest 4480 4479 8760
Hotel/Motel - Common 3292 8712 8760
Movie Theater 5063 2120 7505
Office - High Rise - VAV econ 4094 2038 6064
Office - High Rise - CAV econ 5361 4849 5697
Office - High Rise - CAV no econ 5331 5682 5682
Office - High Rise - FCU 3758 3069 6163
Office - Low Rise 3834 2481 6288
Office - Mid Rise 3977 1881 6125
Religious Building 5199 2830 7380
Restaurant 4579 3350 7809
Retail - Department Store 4249 2528 6890
Retail - Strip Mall 4475 2266 6846
Warehouse 4606 770 6786
Unknown 4649 2718 7100

The type of hours to apply depends on the VFD application, according to the table below.

Application Hours Type

Hot Water Pump Heating
Chilled Water Pump Cooling
Air Foil/Backward Incline Heating and Cooling
Air Foil/Backward Incline Inlet Guide Vanes Heating and Cooling
Forward Curved Fan, with Discharge Dampers Heating and Cooling
Forward Curved Inlet Guide Vanes Heating and Cooling
ESF = Energy savings factor varies by VFD application. Units are kW/HP.
Application ESF370
Hot Water Pump 0.424
Chilled Water Pump 0.411
Air Foil/backward incline 0.354
Air Foil/ backward incline inlet Guide Vanes 0.227

370 Based on the methodology described in the CT TRM; derived using a temperature BIN analysis of typical heating, cooling and
fan load profiles.
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Application ESF370

Forward Curved Fan, with discharge dampers 0.179

Forward Curved Inlet Guide Vanes 0.092

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW =BHP/EFFi * DSF

Where:
DSF = Demand Savings Factor varies by VFD application.3”" Units are kW/HP. Values listed
below are based on typical peak load for the listed application.
Application ‘ DSF

Hot Water Pump 0

Chilled Water Pump 0.299
Air foil / backward incline 0.260
Air Foil / backward incline inlet Guide Vanes 0.130
Forward Curved Fan, with discharge dampers 0.136
Forward Curved Inlet Guide Vanes 0.029

FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION

There are no expected fossil fuel impacts for this measure.

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M CoST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-HVC-VSDHP-V03-160601

371 1bid
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4.4.18 Small Commercial Programmable Thermostats

DESCRIPTION

This measure characterizes the energy savings from the installation of a new Programmable Thermostat for
reduced heating energy consumption through temperature set-back during unoccupied or reduced demand times.
This measure is limited to small businesses, as they have smaller HVAC systems that are similar to residential HVAC
systems and may be controlled by a simple manual adjustment thermostat. Mid to large sized businesses will
typically have a building automation system or some other form of automated HVAC controls. Therefore, it is
limited to select building types, including small office, retail — strip mall, restaurants (characterized as 1, 2 or 3
meal), small manufacturing, religious facilities, and convenience stores. This measure is only appropriate for single
zone heating systems. Custom calculations are required for savings for programmable thermostats installed in
multi-zone systems.

This measure was developed to be applicable to the following program types: RF, DI.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure are established by replacement of a manual-only temperature control, with one that
has the capability to adjust temperature setpoints according to a schedule without manual intervention.
DEFINITION OF BASELINE EQUIPMENT

For new thermostats the baseline is a non-programmable thermostat requiring manual intervention to change
temperature setpoint.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life of a programmable thermostat is assumed to be 8 years3’2 based upon equipment life
only373, For the purposes of claiming savings for a new programmable thermostat, this is reduced by a 50%
persistence factor to give a final measure life of 4 years.

DEEMED MEASURE COST

Actual material and labor costs should be used if the implementation method allows. If unknown the capital and
labor cost for this measure is assumed to be $181 per thermostat374. For the purposes of screening and planning it
should be assumed that one thermostat will serve 5 tons of Cooling Capacity at a cost of $36.20 / ton or 115kBtuh
of Heating Capacity at a cost of $1.57 / kBtu.

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

372Table 1, HVAC Controls, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS
Associates, 2007

373 Future evaluation is strongly encouraged to inform the persistence of savings to further refine measure life assumption. As
this characterization depends heavily upon a large scale but only 2-year study of the energy impacts of programmable
thermostats, the longer term impacts should be assessed.

374 Nicor Rider 30 Business EER Program Database, Paid Rebates with Programmable Thermostat Installation Costs, Program to
Date as of January 11, 2013.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS®7®

AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use (kWh/Ton)] * Cooling Capacity (Tons)

The following equations are used to calculate baseline and proposed electric energy use.The  savings is the
difference between the proposed and baseline calculated usage. This approach allows the savings estimate to
account for the operational attributes of the baseline as well as the proposed case, yielding a better estimate than
an approach that assumes a particular baseline or proposed energy use to determine savings.

Electric Energy Use Equations (kWh / ton)

Assembly

Continuous

CZ+Fu*(0.83*Tc+0.83*Th+1.67*Ws-293.018)-0.0922*Tc*Th+1.291*Ws

Intermittent

CZ+Fu*(1.911-0.12*Tc)+Tc*(0.00311* Ws-0.229)+0.11* Ws

Convenience
Store

Continuous

CZ+Fu*(-28.629*Tc-11.69*Th+19.118*Ws-2935.12)+0.909* Ws

Intermittent

CZ+Tc*(0.0863*Ws-12.688)+Th*(0.043* Ws-6.38)+1.669* Ws

Office — Low Rise

Continuous

CZ+Fu*(7.082*Tc-41.199*Th+18.734*Ws-3288.55)+Tc*(0.205* Ws-34.929)

Intermittent

CZ+Tc*(0.0806*Ws-8.984)+Th*(0.0864* Ws-9.558)+1.178* Ws

Continuous CZ+Fu*(-1.579*Tc-18.14*Th+15.01* Ws-2417.74)+Tc*(0.177* Ws-26.412)
Religious
Intermittent CZ+Fu*(0.266*Tc-2.067)+Tc*(0.0295* Ws-4.502)+Th*(0.0517*Ws-8.251)+0.735* Ws
Continuous CZ+Fu*(0.678*Tc+0.257*Th+2.88* Ws-494.006)+Tc*(0.0231* Ws-
Restaurant — 4,074)+Th*(0.00936*Ws-1.655)+0.918*Ws
Fast Food Intermittent CZ+Fu*(0.377*Tc+0.124*Th+0.13*Ws-24.893)+Tc*(-0.0143*Th+0.0166* Ws-
2.691)+0.898*Ws
Restaurant - Continuous CZ+Fu*(-8.41*Th+11.766*Ws-1910.81)+Tc*(0.282* Ws-43.851)
Full Service Intermittent CZ+0.123*Fu*Tc+Tc*(0.0561*Ws-8.237)+Th*(0.0219*Ws-3.284)+1.038*Ws
Retail - Continuous CZ+Fu*(-1.475*Th+0.755*Ws-114.373)+Th*(0.151*Ws-24.016)+1.612*Ws
Department
Store Intermittent CZ+Tc*(0.0173*Ws-1.912)+Th*(0.0249*Ws-3.29)+0.511*Ws
Retail — Strip Continuous CZ+Fu*(1.077*Tc-10.697*Th+6.91* Ws-1117.18)+Tc*(0.0583*Ws-7.54)+1.231* Ws
Mall Intermittent €Z+0.0894*Fu*Tc+Th*(-0.0142* Tc+0.04* Ws-5.278)+0.884* Ws
Where:

= Climate Zone Coefficient

375 Savings equations and factors determined by regression of results of a series of eQuest simulations. See Programmable T-
Stat Work Paper_PECI_FinalDraft_140730_Redline.docx for details.
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Tc

Th

Fo

Fu

Electric Energy Use Climate Zone Coefficients and Minimum Weekly Hours Occupied

=Depends on Building Type and Fan Mode During Occupied Period (see table below)

Degrees of Cooling Setback °F
Must be between 0-15°F

Degrees of Heating Setback °F
=Must be between 0-15°F

= Fan Mode During Occupied Period (Note: Commercial mechanical code requires continuous
fan operation during occupied periods to meet ventilation requirements.)

= Continuous for occupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)

= Intermittent for occupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)

= Fan Mode During Unoccupied Period

=0 for unoccupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)

=1 for unoccupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)

= Weekly Hours thermostat is in Occupied mode

= Minimum values depends on Building Type (see table below), maximum value of 168 (24/7)

(e.g.: Weekly occupancy schedule of Mon-Sat 8AM-5PM, Sun 9AM-2PM, Ws = 59)

Fan Mode During Climate Zone Coefficient (CZ)376

Mini
Building Type Occupied Period nllnllﬂr;‘s -
Continuous 911.366 | 928.924 | 1152.83 | 1208.999 1210.173
Assembly 98
Intermittent 735.752 | 762.831 | 966.562 | 998.927 1028.906
Convenience Continuous 4817.094 | 4832.784 | 5139.133 | 5182.161 5208.608 108
Store Intermittent 1478.133 | 1514.568 | 1784.384 | 1843.463 1930.47
Continuous 5047.662 | 5039.592 | 5187.924 | 5217.672 5177.449
Office - Low Rise 55
Intermittent 825.072 | 808.965 | 946.571 | 979.421 945.418
Continuous 4197.117 | 4172.858 | 4380.025 | 4370.008 | 4356.054
Religious Facility 133
Intermittent 632.404 | 603.395 | 678.294 | 664.717 616.853
Restaurant — Fast Continuous 1342.988 | 1378.661 | 1664.018 | 1714.201 1727.841 108
Food Intermittent 993.764 | 1039.643 1307.8 | 1340.544 1389.791
Restaurant — Full Continuous 4070.35 | 4094.742 | 4428.966 | 4501.829 | 4522.522 .
Service Intermittent 1472.014 | 1516.05 | 1856.108 | 1938.441 2056.45
-~ Continuous 1510.201 | 1496.47 | 1706.105 | 1716.128 1688.464
Retail 93
Department Store Intermittent 701.27 | 702.129 | 847.735 875.12 881.677
Retail — Strip Mall Continuous 1926.294 | 1930.137 | 2156.856 | 2174.435 2165.03 93
¢]

376 Climate Zones Refrenced in Section 3.7, Table 3.6
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Fan Mode During Climate Zone Coefficient (CZ)376
Building Type Occupied Period

Minimu
W.
(Fo) m Ws

Intermittent 656.479 | 673.257 | 835.906 | 850.322 869.921

EXAMPLE

A low rise office in Rockford (Climate Zone 1) is occupied Mon-Fri 7AM-6PM and has a 10 ton DX RTU
controlled by a manual thermostat. The fan runs continuously during the occupied hours and building staff do
not manually change the fan mode, cooling or heating setpoints during unoccupied periods.

A programmable thermostat is installed by a contractor who sets the occupied schedule to Mon-Fri 7AM-6PM
with a 10°F cooling and heating unoccupied temperature setback. The contractor also programs the fan to
operate continuously during the occupied periods and to intermittent “auto” during the unoccupied periods.

AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use(kWh/Ton)] * Cooling Capacity (Tons)
Baseline Energy Use (kWh/Ton) = Equation for Office Low Rise, Fo=Continuous
= CZ+Fu*(7.082*Tc-41.199*Th+18.734* Ws-3288.55)+Tc*(0.205* Ws-34.929)
=5047.662+0*(7.082*0-41.199*0+18.734*168-3288.55)+0*(0.205*168-34.929)
=5,047.662 kWh/Ton
Proposed Energy Use (kWh/Ton) = Equation for Office Low Rise, Fo=Continuous
= CZ+Fu*(7.082*Tc-41.199*Th+18.734* Ws-3288.55)+Tc*(0.205* Ws-34.929)
=5047.662+1*(7.082*10-41.199*10+18.734*55-3288.55)+10%(0.205*55-34.929)
=2,211.722 kWh/Ton
AkWh  =1[5,047.622 (kWh/Ton) — 2,211.722 (kWh/Ton)] * 10 Tons
=2,835.89 kWh/Ton * 10 Tons
=28,358.9 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS ENERGY SAVINGS

ATherms = [Baseline Energy Use (Therms/kBtuh) — Proposed Energy Use(Therms/kBtuh)] *
Output Heating Capacity (kBtuh)

The following equations are used to calculate baseline and proposed natural gas energy use. The savings is the
difference between the proposed and baseline calculated usage. This approach allows the savings estimate to
account for the operational attributes of the baseline as well as the proposed case, yielding a better estimate than
an approach that assumes a particular baseline or proposed energy use to determine savings.

Natural Gas Energy Use Equations (therms / kbtu output)
Fan Mode During

Building Type Equation

Occupied Period (Fo)
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Building Type

Fan Mode During

Occupied Period (Fo)

Equation

Assembly

Continuous

Intermittent

CZ+Fu*(0.232*Th+0.0984*Ws-18.79)+Th*(0.00271*WSs-0.535)+0.0142* Ws

CZ+Fu*(0.00405*Th+0.000519*WSs-0.11)+Th*(0.0000689* Ws-
0.0118)+0.0022*Ws

Convenience Store

Continuous

Intermittent

CZ+Fu*(0.00545*Th-0.00251* Ws+0.416)+Th*(0.000123*Ws-
0.0204)+0.00183*Ws

CZ+Fu*(0.00231*Th-0.0349)+Th*(0.000309* Ws-0.0494)+0.00266*Ws

Office — Low Rise

Continuous

Intermittent

CZ+Fu*(0.0205* Th+0.364)+Th*(0.00046* Ws-0.0554)+0.00169* Ws
CZ+Fu*(0.00745*Th-0.142)+Th*(0.00077*Ws-0.111)+0.00199* Ws

Religious

Continuous

Intermittent

CZ+0.00791*Fu*Th+Th*(0.00096* Ws-0.167)+0.00184*Ws
CZ+Fu*(0.00143*Th-0.0309)+Th*(0.0008* Ws-0.134)+0.00219* Ws

Restaurant — Fast
Food

Continuous

Intermittent

CZ+Fu*(0.0431*Th+0.0424*Ws-7.517)+Th*(0.00113*Ws-0.213)+0.0119*Ws

CZ+Fu*(0.0125*Th+0.0036*Ws-0.71)+Th*(0.000329* Ws-
0.0615)+0.00738*Ws

Restaurant —Full
Service

Continuous

Intermittent

CZ+Fu*(0.00445*Ws-0.535)+Th*(0.000679* Ws-0.1)+0.00218* Ws

CZ+Fu*(0.00144*Th+0.000262*WSs-0.0553)+Th*(0.00018* Ws-
0.0299)+0.00166*Ws

Retail — Department
Store

Continuous

Intermittent

€Z+0.00203*Fu*Th+Th*(0.000591* Ws-0.0812)+0.00194* Ws
CZ+Th*(0.000406*Ws-0.0611)+0.00228* Ws

Retail — Strip Mall

Continuous

Intermittent

CZ+Fu*(0.00998*Th+0.00207*Ws-0.206)+Th*(0.000665* Ws-
0.101)+0.00292*Ws

CZ+Fu*(0.00383*Th-0.0656)+Th*(0.000575* Ws-0.0912)+0.00249* Ws

Where:
cz = Climate Zone Coefficient
= Depends on Building Type and Fan Mode During Occupied Period (see table below)
Th = Degrees of Heating Setback °F
= Must be between 0-15°F
Fo = Fan Mode During Occupied Period (Note: Commercial mechanical code requires continuous
fan operation during occupied periods to meet ventilation requirements.)
= Continuous for occupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)
= Intermittent for occupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)
Fu = Fan Mode During Unoccupied Period
=0 for unoccupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)
=1 for unoccupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)
Ws = Weekly Hours thermostat is in Occupied mode
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= Minimum values depends on Building Type (see table below), maximum value of 168 (24/7)
(e.g.: Weekly occupancy schedule of Mon-Sat 8AM-5PM, Sun 9AM-2PM, Ws = 59)

Natural Gas Energy Use Climate Zone Coefficients and Minimum Weekly Hours Occupied
Climate Zone Coefficient (CZ)

Fan Mode During Occupied Period (Fo)

Building Type
Continuous 19.872 | 17.83 | 15.828 | 15.282 13.482

Assembly 98
Intermittent 0.237 | 0.0989 | 0.0267 | -0.0131 | -0.0871
Continuous 1.493 1.081 0.782 0.544 0.114

Convenience Store 108
Intermittent 1.128 0.854 0.619 0.437 0.0854
Continuous 1.718 1.317 0.971 0.739 0.319

Office - Low Rise 55
Intermittent 3.447 3.022 2.503 2.251 1.646
Continuous 6.294 5.55 4.678 4.202 3.122

Religious Facility 133
Intermittent 5.914 5.368 4.557 4.137 3.246
Continuous 8.383 7.211 6.034 5.767 4.71

Restaurant - Fast Food 108
Intermittent 1.227 0.636 0.302 0.102 -0.262
Continuous 5.247 4.484 3.753 3.465 2.627

Restaurant - Full Service 117
Intermittent 0.951 0.704 0.51 0.381 0.0746
Continuous 4.385 3.854 3.192 2.784 1.858

Retail — Department Store 93
Intermittent 3.061 2.672 2.182 1.829 1.008
Continuous 3.917 3.394 2.728 2.394 1.617

Retail — Strip Mall 93
Intermittent 2.659 2.292 1.811 1.543 0.909

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-PROG-V02-150601
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4.4.19 Demand Controlled Ventilation

DESCRIPTION

Demand control ventilation (DCV) adjusts outside ventilation air based on the number of occupants and the
ventilation demands that those occupants create. DCV is part of a building's ventilation system control strategy. It
may include hardware, software, and controls as an integral part of a building's ventilation design. Active control
of the ventilation system provides the opportunity to reduce heating and cooling energy use.

The primary component is a control sensor to communicate either directly with the economizer or with a central
computer. The component is most typically a carbon dioxide (CO2) sensor, occupancy sensor, or turnstile counter.
This measure is applicable to multiple building types, and savings are classified by the specific building types
defined in the lllinois TRM. This measure is modeled to assume night time set backs are in operation and minimum
outside air is being used when the building is unoccupied. Systems that have static louvers or that are open at
night will likely have greater savings by using the custom program.

This measure was developed to be applicable to the following program types: RF. If applied to other program
types, the measure savings should be verified

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment condition is defined by new CO2 sensors installed on return air systems where no other
sensors were previously installed. For heating savings, this measure does not apply to any system with terminal
reheat (constant volume or variable air volume). For terminal reheat system a custom savings calculation should
be used.

DEFINITION OF BASELINE EQUIPMENT

The base case for this measure is a space with no demand control capability. The current code minimum for
outside air (OA) is 17 CFM per occupant (ASHRAE 62.1) which is the value assumed in this measure.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The deemed measure life is 10 years and based on CO2 sensor estimated life. 377

DEEMED MEASURE COST

The deemed measure cost is assumed to be the full cost of installation of a DCV retrofit including sensor cost
($500) and installation ($1000 labor) for a total of $1500378,

LOADSHAPE

Commercial ventilation C23

COINCIDENCE FACTOR

N/A

Algorithm

377 During the course of conversations with vendors and Building Automation System (BAS) contractors, it was determined that
sensors have to be functional for up to 10 years. It is recommended that they are part of a normal preventive maintenance
program in which calibration is an important part of extending useful life. Although they are not subject to mechanical failure,
they do fall out of tolerance over time.

378 Discussion with vendors
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CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
For facilities heated by natural gas,
AkWh = Condition Space/1000 * SFcooling
For facilities heated by heat pumps,
AkWh = Condition Space/1000 * SFcooling+ Condition Space/1000 * SFheat vp
For facilities heated by electric resistance,

AkWh = Condition Space/1000 * SFcooiingt Condition Space/1000 * SFheat er

Where:
Conditioned Space = actual square footage of conditioned space controlled by sensor
SFcooling = Cooling Savings Factor
=value in table below based on building type and weather zone
SFHeat Hp = Heating Savings factor for facilities heated by Heat Pump (HP)
=value in table below based on building type and weather zone
SFHeat er = Heating Savings factor for facilities heated by Electric Resistance (ER)
=value in table below based on building type and weather zone

Saving Factor Tables®”

SFcooling (kWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)
Office - Low-rise 454 456 460 456 462
Office - Mid-rise 430 431 432 428 433
Office - High-rise 448 450 452 449 454
Religious Building 493 509 573 584 605
Restaurant 505 515 553 569 581
Retail - Department Store 620 625 630 638 642
Retail - Strip Mall 380 376 356 406 407
Convenience Store 602 603 610 612 614
Elementary School 317 327 352 352 363
High School 305 316 340 340 352
College/University 392 410 434 449 462
Healthcare Clinic 353 358 379 383 389

379 The electric energy savings was calculated using TMY3 weather data and methodology consistent with ASHRAE standards.
Savings are calculated on an annual basis for each given temperature zone in lllinois. Energy savings for DCV were developed
utilizing standards, inputs and approaches as set forth by ASHRAE 62.1and 90.1, respectively. Building input parameters like
square footage, equipment efficiencies and occupancy match those used in the EFLH calculations. Reference calculation found
in Demand Control Ventilation 12-30-13.xIs.
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SFcooIing (kWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)
lodging 576 578 586 588 591
Manufacturing 481 482 482 477 482
Special Assembly Auditorium 410 427 479 494 514
Default 451 458 475 482 490

SF Heatwp (KWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Office - Low-rise 234 203 180 172 148
Office - Mid-rise 156 133 117 117 102
Office - High-rise 209 183 164 153 133
Religious Building 1,495 1,322 1,172 1,116 1,000
Restaurant 1,058 954 828 810 711
Retail - Department Store 365 326 289 283 250
Retail - Strip Mall 244 214 195 185 164
Convenience Store 179 161 141 137 117
Elementary School 652 567 500 470 414
High School 636 553 492 457 406
College/University 1,257 1,105 969 937 789
Healthcare Clinic 443 393 344 331 297
lodging 204 182 156 153 156
Manufacturing 166 145 125 120 109
Special Assembly Auditorium 1,759 1,551 1,399 1,366 1,202
Default 604 533 472 454 400

SF weat vp (KWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Office - Low-rise 703 610 539 516 445
Office - Mid-rise 467 399 352 352 305
Office - High-rise 627 549 492 458 399
Religious Building 4,486 3,966 3,517 3,348 3,001
Restaurant 3,175 2,862 2,485 2,429 2,134
Retail - Department Store 1,094 979 868 848 750
Retail - Strip Mall 732 641 586 554 492
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SF heatwe (KWh/1000 SqFt)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) (Chicago) (Springfield) (Belleville) (Marion)

Convenience Store 537 484 422 410 352
Elementary School 1,956 1,701 1,501 1,409 1,243
High School 1,908 1,659 1,477 1,372 1,219
College/University 3,770 3,314 2,907 2,810 2,368
Healthcare Clinic 1,330 1,179 1,032 992 891
lodging 611 546 469 458 469
Manufacturing 499 436 375 359 328
Special Assembly Auditorium 5,276 4,652 4,197 4,099 3,606
Default 1,811 1,598 1,415 1,361 1,200

For example: 7,500 SqFt of low-rise office space in Chicago with gas heat.
AkWh =7,500 /1000 *456
=3,420 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

NA

NATURAL GAS SAVINGS
Atherms = Condition Space/1000 * SF Heat Gas
Where:
SF Heat Gas = value in table below based on building type and weather zone380
SFHeat Gas (Therm/1000 sq ft)

Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

(Rockford) (Chicago) (Springfield) (Belleville)  (Marion)

Office - Low-rise 30 26 23 22 19
Office - Mid-rise 20 17 15 15 13
Office- High-rise 27 23 21 20 17
Religious Building 191 169 150 143 128
Restaurant 135 122 106 104 91

380 The natural gas energy savings was calculated using TMY3 weather data and methodology consistent with ASHRAE
standards. Savings are calculated on an annual basis for each given temperature zone in lllinois. Energy savings for DCV were
developed utilizing standards, inputs and approaches as set forth by ASHRAE 62.1 and 90.1, respectively. Building input
parameters like square footage, equipment efficiencies and occupancy match those used in the EFLH calculations. Reference
calculation found in Demand Control Ventilation 12-30-13.xIs.
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SFHeat Gas (Therm/1000 sq ft)

Building Type Zone 1 Zone 2

(Rockford) (Chicago) (Springfield)

Zone 4 Zone 5

(Belleville)  (Marion)

Retail - Department Store 47 42 37 36 32
Retail - Strip Mall 31 27 25 24 21
Convenience Store 23 21 18 17 15
Elementary School 83 73 64 60 53
High School 81 71 63 59 52
College/ University 161 141 124 120 101
Healthcare Clinic 57 50 44 42 38
Lodging 26 23 20 20 20
Manufacturing 21 19 16 15 14
Special Assembly Auditorium 225 198 179 175 154
De-fault 77 68 60 58 51

For example: 7500 SqFt of low-rise office space in Chicago.
ATherms =7,500 * 26
=195 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeeMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE cODE: CI-HVC-DCV-V03-160601
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4.4.20 High Turndown Burner for Space Heating Boilers

DESCRIPTION

This measure is for a non-residential boilers equipped with linkageless controls providing space heating with
burners having a turndown less than 6:1.38' Turndown is the ratio of the high firing rate to the low firing rate.
When boilers are subjected to loads below the low firing rate, the boiler must cycle on/off to meet the load
requirements. A higher turndown ratio reduces burner startups, provides better load control, saves wear-and-tear
on the burner, and reduces purge-air requirements, all of these benefits result in better overall efficiency.

This measure was developed to be applicable to the following program types: NC, TOS, RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify the boiler linkageless burner must operate with a turndown greater than or equal to 10:1 and be
subjected to loads less than or equal to 30%382 of the full fire input MBH for greater than 60%383 of the operating
hours.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler utilizes a linkageless burner with a turndown ration of 6:1 or less and is used primarily for space
heating. Redundant boilers do not qualify.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 21 years.3*

DEEMED MEASURE COST

The deemed installed measure cost including labor is approximately $2.53/MBtu/hr.385
DEemMED O&M COST ADJUSTMENTS

N/A

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

381 The standard turndown ratio for boilers is 6:1. Understanding Fuel Savings in the Boiler Room, ASHRAE Journal, David Eoff,
December, 2008 p 38

382 Focus on Energy Evaluation, Business Programs: Deemed Savings Manual V1.0, March 22, 2010. This factor implies that
boilers are 30% oversized on average.

383 FES Analysis of bin hours based upon a 30% oversizing factor.

384 “Burner,” Obtained from a nation-wide survey conducted by ASHRAE TC 1.8 (Akalin 1978). Data changed by TC 1.8 in 1986.
385 FES review of PY2/PY3 costs for custom People’s and North Shore high turndown burner projects. See High Turndown
Costs.xlsx for details.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 240 of 493



Docket No. 16-
ComEd Ex. 1.0
Appendix C
Illinois Statewide Technical Reference Manual- 4.4.20 High Turndown Burner for Space Heating Boilers

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
N/A
SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS SAVINGS
Atherms = Ngi * SF * EFLH / 100
Where:
Ngi = Boiler gas input size (kBtu/hr) = custom
SF = Savings Factor = Percentage of energy loss per hour
= (5 ((EL_base — EL_eff) * H_cycling)) / H)*100

Where:

EL_base = Base Boiler Percentage of energy loss due to cycling at % of Base Boiler Load where
BL_base < TDR_base

=0.003 * (Cycles_base)? —0.001 * Cycles_base 386
Where:
Cycles_base = Number of Cycles/hour of base boiler
=TDR_base / BL
Where:

BL = % of full boiler load at bin hours being evaluated. This is assumed to be a
straight line based on 0% load at the building balance point (assumed to be
55F), and full load corrected for the oversizing (OSF) at the lowest temperature
bin of -10 to -5F.

OSF = Oversizing Factor = 1.3%87 or custom
TDR_base = Turndown ratio = 0.33388 or custom

EL_eff = Efficient Boiler Percentage of energy loss due to cycling at % of Efficient Boiler
Load

=0.003 * (Cycles_eff)2—0.001 * Cycles_eff
Where:

Cycles_eff = Number of Cycles/hour

386 Release 3.0 Operations & Maintenance Best Practices A Guide to Achieving Operational Efficiency, August 2010, Federal
Energy Management Program, US Department of Energy. The equation was determined by plotting the values in Table 9.2.1 —
Boiler Cycling Energy Loss.

387 PA Consulting, KEMA, Focus on Energy Evaluation, Business Programs: Deemed Savings Manual V1.0, March 22, 2010, Page
4-12.

388 | bid.
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= TDR_eff / BL
Where:
TDR_eff = Turndown ratio = 0.1038% or custom
H_cycling = Hours base boiler is cycling at % of base boiler load
= see table below or custom
H = Total Number of Hours in Heating Season
=4,946 or custom

100 = convert to a percentage

SF=69.1 /4946 *100 = 1.4% or custom (see table below for summary of values)

Temperature = H_cycling BL EL_base | EL eff (EL_base-EL_eff)* Hours
50 to 55 601 6.0% 8.5% 0.7% 47.2
45 to 50 603 12.0% 2.0% 0.0% 12.0
40to 45 455 18.0% 0.8% 0.0% 3.8
35t0 40 925 24.0% 0.4% 0.0% 4.0
30to 35 814 30.0% 0.3% 0.0% 2.1
Total 69.1

EFLH = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use.

100 = convert kBtu to therms
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVAC-HTBC-V04-140601

389 10:1 ratio used to qualify for efficient equipment.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 242 of 493



Docket No. 16-
ComEd Ex. 1.0
Appendix C

Illinois Statewide Technical Reference Manual- 4.4.21 Linkageless Boiler Controls for Space Heating

4.4.21 Linkageless Boiler Controls for Space Heating

DESCRIPTION

This measure is for a non-residential boiler providing space heating and currently having single point positioning
combustion control. In single-point positioning control, the fuel valve is linked to the combustion air damper via a
jackshaft mechanism to maintain correspondence between fuel and combustion air input. Most boilers with single
point positioning control do not maintain low excess air levels over their entire firing range. Generally these boilers
are calibrated at high fire, but due to the non-linearity required for efficient combustion, excess air levels tend to
dramatically increase as the firing rate decreases. Boiler efficiency drops as the excess air levels are increased.

This measure was developed to be applicable to the following program types: TOS, RF.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify the boiler burner must have a linkageless control system allowing the combustion air damper position to
be adjusted and set for optimal efficiency at several firing rates throughout the burner’s firing range. This requires
the fuel valve and combustion air damper to each be powered by a separate actuator. An alternative to the
combustion air damper is a Variable Speed Drive on the combustion air fan.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler utilizes single point positioning for the burner combustion control.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 16 years.3%°

DEEMED MEASURE COST

The deemed measure cost is estimated at $2.50/MBtu/hr burner input.39!
DEEMED O&M COST ADJUSTMENTS

N/A

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

390 Total number of hours for heating with a base temperature of 55°F for Chicago, IL as noted by National Climate Data Center
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

When a Variable Speed Drive is incorporated, electrical savings are calculated according to the “4.4.17 Variable
Speed Drive for HVAC Pumps and Cooling Tower Fans” measure.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS

ATherms = Ngi * SF * EFLH / 100
Where:
Ngi = Boiler gas input size (kBtu/hr) = custom
SF = Savings factor

Note: Savings factor is the percentage increase in efficiency as a result of the addition of linkageless
burner controls. At an average boiler load of 35%, single point controls are assumed to have excess air of
91%, while linkageless controls are assumed to have 34% excess air.3%2 The difference between controls
types is 57% at this average operating condition. A 15% reduction in excess air is approximately a 1%
increase in efficiency.3% Therefore the nominal combustion efficiency increase is 57 / 15 * 1% = 3.8%.

=3.8%
EFLH = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use
100 = convert kBtu to therms
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-LBC-V05-160601

392 Available and Emerging Technologies for Reducing Greenhouse Gas Emissions from Industrial, Commercial, and Institutional
Boilers, Prepared by the Sector Policies and Programs Division Office of Air Quality Planning and Standards U.S. Environmental
Protection Agency Research Triangle Park, North Carolina 27711, October 2010, Table 1. ICI Boilers — Summary of Greenhouse
Gas Emission Reduction Measures, pg. 8

393 Department of Energy (DOE). January 2012, Steam Tip Sheet #4, Improve Your Boiler’'s Combustion Efficiency. Advanced
Manufacturing Office. Washington, DC: U.S. Department of Energy. This value was determined as an appropriate average over
the stack temperatures and excess air levels indicated.
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4.4.22 Oxygen Trim Controls for Space Heating Boilers

DESCRIPTION

This measure is for a non-residential boiler providing space heating without oxygen trim combustion controls.
Oxygen trim controls limit the amount of excess oxygen provided to the burner for combustion. This oxygen level
is dependent upon the amount of air provided. Oxygen trim control converts parallel positioning, linkageless
controls, into a closed-loop control configuration with the addition of an exhaust gas analyzer and PID controller.
Boilers with oxygen trim controls can maintain a predetermined excess air rate (generally 15% to 30% excess air)
over the entire burner firing rate. Boilers without these controls typically have excess air rates around 30% over
the entire firing rate. Boiler efficiency drops as the excess air levels are increased.

This measure was developed to be applicable to the following program types: NC, TOS, RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify the boiler burner must have an oxygen control system allowing the combustion air to be adjusted to
maintain a predetermined excess oxygen level in the flue exhaust at all firing rates throughout the burner’s firing
range. This requires an oxygen sensor in the flue exhaust and linkageless fuel valve and combustion air controls.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler utilizes single point positioning for the burner combustion control.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the 02 Trim controls is 18 years.3%4

DEEMED MEASURE COST

The deemed measure cost is approximately $23,250.39

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

394 State of Wisconsin Public Service Commission of Wisconsin Focus on Energy Evaluation Business Programs: Measure Life
Study Final Report: August 25, 2009, Table 1-2. Recommended Measure Life by WISeerts Group Description, pg. 1-4.

395 CODES AND STANDARDS ENHANCEMENT INITIATIVE (CASE) PROCESS BOILERS, 2013 California Building Energy Efficiency
Standards, California Utilities Statewide Codes and Standards Team, October 2011, pg. 22
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS ENERGY SAVINGS

ATherms = Ngi * SF * EFLH / 100
Where:
Ngi = Boiler gas input size (kBtu/hr)
= Custom
SF = Savings factor

Note: Savings factor is the percentage reduction in gas consumption as a result of the addition of 02 trim
controls. Linkageless controls have an excess air rate of 28% over the entire firing range.3% 02 trim
controls have an excess air rate of 15%.397 The average difference is 13%. A 15% reduction in excess air is
approximately a 1% increase in efficiency.3% Therefore the nominal combustion efficiency increase is 13 /
15 * 1% = 0.87%.

=0.87%

EFLH = Default Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use. When
available, actual hours should be used.

100 = convert kBtu to therms
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
The deemed annual Operations and Maintenance cost is $800.399

MEASURE CoDE: CI-HVC-02TC-V01-140601

3% Department of Energy (DOE). 2009. Energy Matters newsletter. Fall 2009- Vol. 1, Iss. 1. Washington, DC: U.S. Department of

Energy, Office of Energy Efficiency and Renewable Energy, Industrial Technologies Program.
397 |bid

399 Department of Energy (DOE). January 2012, Steam Tip Sheet #4, Improving Your Boiler’s Combustion Efficiency. Advanced
Manufacturing Office. Washington, DC: U.S. Department of Energy. This value was determined as an appropriate average over
the stack temperatures and excess air levels indicated.
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4.4.23 Shut Off Damper for Space Heating Boilers or Furnaces

DESCRIPTION

This measure is for non-residential atmospheric boilers or furnaces providing space heating without a shut off
damper. When appliances are on standby mode warm room air is drawn through the stack via the draft hood or
dilution air inlet at a rate proportional to the stack height, diameter and outdoor temperature. More air is drawn
through the vent immediately after the appliance shuts off and the flue is still hot. Installation of a new shut off
damper can prevent heat from being drawn up the warm vent and reducing the amount of air that passes through
the furnace or boiler heat exchanger. This reduction in air can slightly increase overall operating efficiency by
reducing the time needed to achieve steady-state operating conditions.

This measure was developed to be applicable to the following program types: RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify the space heating boiler or furnace must have a new electrically or thermally activated shut off damper
installed on either the exhaust flue or combustion air intake. Barometric dampers do not qualify. The damper
actuation shall be interlocked with the firing controls.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler or furnace incorporates no shut off damper on the combustion air intake or flue exhaust.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the shut off damper is 15 years.400

DEEMED MEASURE COST

The deemed measure cost for this approximately $1,500.401

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

400 State of Wisconsin Public Service Commission of Wisconsin Focus on Energy Evaluation Business Programs: Measure Life
Study Final Report: August 25, 2009, Table 1-2. Recommended Measure Life by WISeerts Group Description, pg. 1-4.

401 CODES AND STANDARDS ENHANCEMENT INITIATIVE (CASE) PROCESS BOILERS, 2013 California Building Energy Efficiency
Standards, California Utilities Statewide Codes and Standards Team, October 2011, pg. 22
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS ENERGY SAVINGS

ATherms = Ngi * SF * EFLH / 100
Where:
Ngi = Boiler gas input size (kBtu/hr)
= Custom
SF = Savings factor
= 19402

Note: The savings factor assumes the boiler or furnace is located in an unconditioned space. The savings
factor can be higher for those units located within conditioned space.

EFLH = Default Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End Use. When
available, actual hours should be used.

100 = convert kBtu to therms
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
The deemed annual Operations and Maintenance cost is $112.403

MEASURE CoDE: CI-HVC-SODP-V01-140601

402 Based on internet review of savings potential;

“Up to 4%”: Use of Automatic Vent Dampers for New and Existing Boilers and Furnaces, Energy Innovators Initiative Technical
Fact Sheet, Office of Energy Efficiency, Canada, 2002

“Up to 1%”: Page 9, The Carbon Trust, “Steam and high temperature hot water boilers”
http://www.carbontrust.com/media/13332/ctv052 steam and_high temperature hot water boilers.pdf,

“1-2%": Page 2, Sustainable Energy Authority of Ireland “Steam Systems Technical Guide”,

http://www.seai.ie/Your Business/Technology/Buildings/Steam Systems Technical Guide.pdf.

403 CODES AND STANDARDS ENHANCEMENT INITIATIVE (CASE) PROCESS BOILERS, 2013 California Building Energy Efficiency
Standards, California Utilities Statewide Codes and Standards Team, October 2011, pg. 22
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4.4.24 Small Pipe Insulation
DESCRIPTION

This measure provides rebates for adding insulation to bare pipes with inner diameters of 4" and %”. Insulation
must be at least one inch thick. Since new construction projects are required by code to have pipe insulation, this
measure is only for retrofits of existing facilities. This covers bare straight pipe as well as all fittings.

Default savings are provided on a per linear foot basis. It is assumed that the majority of pipes less than one inch in
commercial facilities are used for domestic hot water. However, this measure can cover hydronic heating systems

as well as low and high pressure steam systems.

This measure was developed to be applicable to the following program types: RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient case is a %2“or %“ diameter pipe with at least one inch of insulation. Insulation must be protected from
damage which includes moisture, sunlight, equipment maintenance and wind. Outdoor pipes should have a
weather protective jacket. Insulation must be continuous over straight pipe, elbows and tees.

DEFINITION OF BASELINE EQUIPMENT

The base case for savings estimates is a bare hot water or steam pipe with a fluid temperature of 105 degrees
Fahrenheit or greater. Current new construction code requires insulation amounts similar to this measure though
this base case is commonly found in older existing buildings.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be 15 years.404
DEEMED MEASURE COST

The incremental measure cost for insulation is the full cost of adding insulation to the pipe. Actual installation costs
should be used for the measure cost. For planning purposes, the following costs can be used to estimate the full
cost of materials and labor.405

Insulation Thickness %" pipe %" pipe

1” $4.45 $4.15

LOADSHAPE

N/A

404 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.
http://neep.org/uploads/EMV%20Forum/EMV%20Studies/measure_life_GDS%5B1%5D.pdf
405 A market survey was performed to determine these costs.
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COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A

NATURAL GAS SAVINGS

ATherms per foot406 = [((Quase — Qefr) * EFLH) / (100,000 * nBoiler)] * TRF

= [Modeled or provided by tables below] * TRF

ATherms = (Lsp + Loc,i) * Atherms per foot

Where:

EFLH = Equivalent Full Load Hours for Heating

= Actual or defaults by building type provided in Section 4.4, HVAC end use

For year round recirculation or domestic hot water:

= 8,766

For heating season recirculation, hours with the outside air temperature below 55°F:

Zone 1 (Rockford)

5,039

Zone 2 (Chicago)

4,963

Zone 3 (Springfield)

4,495

Zone 4 (Belleville/

4,021

Zone 5 (Marion)

4,150

Quase = Heat Loss from Bare Pipe (Btu/hr/ft)

= Calculated where possible using 3E Plusv4.0 software. For defaults see table below

406This value comes from the reference table “Savings Summary by Building Type and System Type.” The formula and the input
tables in this section document assumptions used in calculation spreadsheet “Pipe Insulation Savings 2013-11-12.xIsx”
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Qeff

100,000

nBoiler

TRF

= Heat Loss from Insulated Pipe (Btu/hr/ft)

= Calculated where possible using 3E Plusv4.0 software. For defaults see table below
= conversion factor (1 therm = 100,000 Btu)

= Efficiency of the boiler being used to generate the hot water or steam in the pipe
= 81.9% for water boilers 407

= 80.7% for steam boilers, except multifamily low-pressure 408

= 64.8% for multifamily low-pressure steam boilers 40°

= Thermal Regain Factor for space type, applied only to space heating energy and is
applied to values resulting from Atherms/ft tables below 41°

= See table below for base TRF values by pipe location

May vary seasonally such as: TRF[summer] * summer hours + TRF[winter] * winter
hours where TRF values reflecting summer and winter conditions are apportioned by
the hours for those conditions. TRF may also be adjusted by building specific balance
temperature and operating hours above and below that balance temperature.411

Assumed TRF, Thermal
Pipe Location Regain Regain Factor
Outdoor 0% 1.0
Indoor, heated space 85% 0.15
Indoor, semi- heated, (unconditioned space, with heat
transfer to conditioned space. E.g.: boiler room, ceiling 30% 0.70
plenum, basement, crawlspace, wall)
Indoor, unheated, (no heat transfer to conditioned space) 0% 1.0
Location not specified 85% 0.15
Custom Custom 1 —assumed regain
Lsp = Length of straight pipe to be insulated (linear foot)
Loc,i = Total equivalent length of (elbows and tees) of pipe to be insulated. Use table below to

determine equivalent lengths.

407 Average efficiencies of units from the California Energy Commission (CEC).

408 |bid.

409 Katrakis, J. and T.S. Zawacki. “Field-Measured Seasonal Efficiency of Intermediate-sized Low-Pressure Steam Boilers”.

ASHRAE V99, pt. 2, 1993.

410 Thermal regain for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for
the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012 and
Andrews, John, Better Duct Systems for Home Heating and Cooling, U.S. Department of Energy, 2001. Recognizing the
differences between residential and commercial heating systems, the factors have been adjusted based on professional
judgment. This factor would benefit from additional study and evaluation.

411 Thermal Regain Factor_4-30-14.docx
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Equivalent Length (ft)

Nominal Pipe

Diameter 90 Degree Elbow Straight Tee
1/2" 0.04 0.03
374 0.06 0.05

The table below shows the deemed therm savings by building type and region on a per linear foot basis
for both %” and %” copper pipe.

The following table provides deemed values for 1/2" copper pipe, temperatures are assumed by category below,
and insulation is assumed to be one inch fiberglass.

Annual Therms Saved / Linear Foot

Piping Use Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) | (Chicago) (Springfield) (Belleville) (Marion)

Assembly 0.117 0.120 0.107 0.071 0.109

Assisted Living 0.110 0.107 0.094 0.069 0.083

College 0.100 0.093 0.083 0.046 0.055
Convenience Store 0.097 0.089 0.079 0.057 0.064
Elementary School 0.116 0.113 0.100 0.069 0.084

Garage 0.064 0.063 0.056 0.044 0.049

Grocery 0.105 0.105 0.092 0.057 0.068

g Healthcare Clinic 0.103 0.106 0.092 0.063 0.066
‘_g High School 0.120 0.121 0.109 0.077 0.091
.g Hospital - CAV no econ 0.115 0.119 0.101 0.087 0.099
é Hospital - CAV econ 0.117 0.121 0.103 0.089 0.101
:go Hospital - VAV econ 0.048 0.045 0.034 0.020 0.022
§ Hospital - FCU 0.087 0.099 0.080 0.094 0.127
g Hotel/Motel 0.115 0.112 0.101 0.069 0.084
” Hotel/Motel - Common 0.104 0.106 0.101 0.082 0.086
Hotel/Motel - Guest 0.115 0.111 0.099 0.066 0.082
Manufacturing Facility 0.068 0.066 0.061 0.037 0.041

MF - High Rise 0.100 0.098 0.090 0.076 0.076

MF - High Rise - Common 0.118 0.115 0.103 0.071 0.092

MF - High Rise - Residential 0.096 0.096 0.087 0.075 0.073

MF - Mid Rise 0.109 0.110 0.095 0.070 0.079
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Annual Therms Saved / Linear Foot

Piping Use Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
(Rockford) | (Chicago) (Springfield) (Belleville) (Marion)
Movie Theater 0.119 0.117 0.109 0.083 0.099
Office - High Rise - CAV no econ 0.132 0.134 0.122 0.082 0.089
Office - High Rise - CAV econ 0.136 0.139 0.128 0.088 0.097
Office - High Rise - VAV econ 0.100 0.102 0.084 0.050 0.055
Office - High Rise - FCU 0.073 0.072 0.062 0.033 0.035
Office - Low Rise 0.093 0.093 0.074 0.045 0.052
Office - Mid Rise 0.103 0.104 0.088 0.056 0.062
Religious Building 0.105 0.098 0.094 0.069 0.079
Restaurant 0.088 0.088 0.079 0.060 0.071
Retail - Department Store 0.091 0.083 0.078 0.051 0.058
Retail - Strip Mall 0.087 0.081 0.071 0.049 0.053
Warehouse 0.095 0.089 0.091 0.057 0.070
Unknown 0.101 0.100 0.089 0.064 0.074
[T
£
L3>
SE5 |AN buildings (Hours below
¢ § c o 0.329 0.324 0.293 0.262 0.271
T S o |55
35 g
224
g
" ®
@2
25
L5 S | All buildings (All hours) 0.572 0.572 0.572 0.572 0.572
33 ®
° =
QO
v g
DHW Recirculation loop 0.572 0.572 0.572 0.572 0.572
Process Custom Custom
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The following table provides deemed savings values for 3/4" copper pipe with temperatures assumed by category
below, insulation is assumed to be one inch fiberglass.

Annual Therms Saved / Linear Foot

Piping Use Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

(Rockford) | (Chicago) (Springfield) (Belleville) (Marion)

Assembly 0.142 0.145 0.129 0.086 0.132
Assisted Living 0.133 0.130 0.115 0.084 0.101
College 0.121 0.113 0.101 0.056 0.067
Convenience Store 0.117 0.108 0.096 0.069 0.077
Elementary School 0.141 0.137 0.121 0.084 0.102
Garage 0.078 0.077 0.067 0.054 0.060
Grocery 0.127 0.127 0.111 0.069 0.083
Healthcare Clinic 0.125 0.128 0.112 0.076 0.081
High School 0.146 0.147 0.132 0.094 0.110
Hospital - CAV no econ 0.140 0.144 0.123 0.105 0.120
Hospital - CAV econ 0.142 0.147 0.125 0.108 0.123
w0 Hospital - VAV econ 0.058 0.055 0.041 0.025 0.027
é Hospital - FCU 0.105 0.120 0.098 0.115 0.154
g Hotel/Motel 0.140 0.136 0.122 0.084 0.102
E Hotel/Motel - Common 0.127 0.129 0.123 0.100 0.105
foo Hotel/Motel - Guest 0.139 0.135 0.120 0.081 0.099
% Manufacturing Facility 0.083 0.080 0.074 0.045 0.050
E MF - High Rise 0.121 0.119 0.109 0.093 0.093
§ MF - High Rise - Common 0.144 0.140 0.125 0.086 0.111
MF - High Rise - Residential 0.117 0.116 0.105 0.091 0.089
MF - Mid Rise 0.132 0.134 0.115 0.085 0.096
Movie Theater 0.144 0.142 0.133 0.101 0.120
Office - High Rise - CAV no econ 0.160 0.162 0.148 0.099 0.108
Office - High Rise - CAV econ 0.165 0.169 0.155 0.107 0.118
Office - High Rise - VAV econ 0.121 0.123 0.102 0.060 0.067
Office - High Rise - FCU 0.089 0.087 0.075 0.040 0.042
Office - Low Rise 0.113 0.113 0.090 0.055 0.063
Office - Mid Rise 0.126 0.126 0.106 0.068 0.075
Religious Building 0.127 0.119 0.114 0.084 0.095
Restaurant 0.107 0.107 0.096 0.073 0.086
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Annual Therms Saved / Linear Foot

Piping Use Building Type Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

(Rockford) | (Chicago) (Springfield) (Belleville) (Marion)

Retail - Department Store 0.110 0.101 0.095 0.062 0.071
Retail - Strip Mall 0.106 0.098 0.086 0.059 0.064
Warehouse 0.115 0.108 0.111 0.069 0.085
Unknown 0.123 0.122 0.108 0.078 0.090
oo
, £
3=
SE5 AN buildings (Hours below
3 & ¢ R 0.399 0.393 0.356 0.319 0.329
T 5 o | 55°%)
O 0O 5
g3 3
Q 2 v
wv ‘G
g
" ®
® ¢
% &T
L5 S | All buildings (All hours) 0.694 0.694 0.694 0.694 0.694
33 &
° =
QO
A
DHW Recirculation loop 0.694 0.694 0.694 0.694 0.694
Process Custom Custom

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE Code: CI-HVC-SPIN-V02-160601
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4.4.25 Small Commercial Programmable Thermostat Adjustments

DESCRIPTION

This measure involves reprogramming existing commercial programmable thermostats or building automation
systems for reduced energy consumption through adjustments of unoccupied heating/cooling setpoints and/or fan
control. This measure is limited to packaged HVAC units that are controlled by a commercial thermostat or building
automation system. The measure is limited to select building types presented below.

Eligible Small Commercial Building Types
Building Type

Assembly

Convenience Store

Office - Low Rise

Restaurant - Fast Food

Religious Facility

Restaurant - Full Service

Retail - Strip Mall

Retail - Department Store

This measure was developed to be applicable to the following program types: RF, DI.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure is established by optimizing heating/cooling temperature setbacks and fan operation
with a commercial programmable thermostat or building automation system, which reprogrammed to match
actual facility occupancy.

DEFINITION OF BASELINE EQUIPMENT

The baseline for this measure is a commercial programmable thermostat or building automation system that is
currently operating packaged HVAC units with heating/cooling temperature setbacks and fan operation that do not
align with a facilities actual occupancy.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life of a programmable thermostat is assumed to be 8 years*'2 based upon equipment life
only*'3, For the purposes of claiming savings for a adjustment of an existing programmable thermostat, this is
reduced to a 25% persistence factor to give a final measure life of 2 years. It is recommended that this assumption
be evaluated by future energy measurement and verification activities.

412Table 1, HVAC Controls, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS
Associates, 2007
413 Future evaluation is strongly encouraged to inform the persistence of savings to further refine measure life assumption.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 256 of 493



Docket No. 16-
ComEd Ex. 1.0
Appendix C

lllinois Statewide Technical Reference Manual- 4.4.25 Small Commercial Programmable Thermostat Adjustments

DEEMED MEASURE COST

Actual labor costs should be used if the implementation method allows. If unknown the labor cost for this measure
is assumed to be $70.344' per thermostat, as summarized in the table below.

Total Cost City Cost
Measure Units Materials | Labor (including Index (Install Total Source

O&P) Only)*

Adjust Temperature o RS Means 2010 (pg 255,
Set Points 4 $0.00 $5.95 $6.55 134.5% $35.24 Section 23-09-8100)
. RS Means 2010 (pg 255,
0,
Adjust Fan Schedule 2 $0.00 $11.86 $13.05 134.5% $35.10 Section 23-09-8120)

Totals $70.34

* Chicago, IL - Division 23

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

414 RSMeans, “Instrumentation and Control for HVAC”, Mechanical Cost Data , Kingston, MA: Reed Construction Data, 2010, pg.
255 & 632
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS*1®

AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use (kWh/Ton)] * Cooling Capacity (Tons)

The following equations are used to calculate baseline and proposed electric energy use. The  savings is the
difference between the proposed and baseline calculated usage. This approach allows the savings estimate to
account for the operational attributes of the baseline as well as the proposed case, yielding a better estimate than
an approach that assumes a particular baseline or proposed energy use to determine savings.

Electric Energy Use Equations (kWh / ton)
Fan Mode During
Occupied Period

Building Type Equation

(Fo)

Continuous CZ+Fu*(0.83*Tc+0.83*Th+1.67*Ws-293.018)-0.0922*Tc*Th+1.291*Ws
Assembly Intermittent CZ+Fu*(1.911-0.12*Tc)+Tc*(0.00311*Ws-0.229)+0.11*Ws
Convenience Continuous CZ+Fu*(-28.629*Tc-11.69*Th+19.118* Ws-2935.12)+0.909* Ws
Store Intermittent CZ+Tc*(0.0863*Ws-12.688)+Th*(0.043* Ws-6.38)+1.669* Ws
Office — Low Continuous CZ+Fu*(7.082*Tc-41.199*Th+18.734* Ws-3288.55)+Tc*(0.205* Ws-34.929)
Rise Intermittent CZ+Tc*(0.0806* Ws-8.984)+Th*(0.0864* Ws-9.558)+1.178* Ws
. Continuous CZ+Fu*(-1.579*Tc-18.14*Th+15.01*Ws-2417.74)+Tc*(0.177*Ws-26.412)
Reflgious Intermittent CZ+Fu*(0.266*Tc-2.067)+Tc*(0.0295* Ws-4.502)+Th*(0.0517*Ws-8.251)+0.735* Ws
Continuous CZ+Fu*(0.678*Tc+0.257*Th+2.88* Ws-494.006)+Tc*(0.0231* Ws-
Restaurant — 4.074)+Th*(0.00936*Ws-1.655)+0.918* Ws
Fast Food Intermittent CZ+Fu*(0.377*Tc+0.124*Th+0.13* Ws-24.893)+Tc*(-0.0143*Th+0.0166* Ws-
2.691)+0.898*Ws
Restaurant — Continuous CZ+Fu*(-8.41*Th+11.766*Ws-1910.81)+Tc*(0.282* Ws-43.851)
Sit Down Intermittent CZ+0.123*Fu*Tc+Tc*(0.0561*Ws-8.237)+Th*(0.0219* Ws-3.284)+1.038* Ws
Continuous CZ+Fu*(-1.475*Th+0.755*Ws-114.373)+Th*(0.151*Ws-24.016)+1.612*Ws
Retail - Large
Intermittent CZ+Tc*(0.0173*Ws-1.912)+Th*(0.0249*Ws-3.29)+0.511*Ws
Retail — Strip Continuous CZ+Fu*(1.077*Tc-10.697*Th+6.91*Ws-1117.18)+Tc*(0.0583*Ws-7.54)+1.231*Ws
Mall Intermittent CZ+0.0894* Fu*Tc+Th*(-0.0142* Tc+0.04* Ws-5.278)+0.884* Ws
Where:

415 Savings equations and factors determined by regression of results of a series of eQuest simulations. See Programmable T-
Stat Work Paper_PECI_FinalDraft_140730_Redline.docx for details.
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Ccz

Tc

Th

Fo

Fu

Ws

= Climate Zone Coefficient

= Depends on Building Type and Fan Mode During Occupied Period (see table below)

= Degrees of Cooling Setback °F

= Must be between 0-15°F

= Degrees of Heating Setback °F

=Must be between 0-15°F

= Fan Mode During Occupied Period (Note: Commercial mechanical code requires continuous fan

operation during occupied periods to meet ventilation requirements.)

= Continuous for occupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)

= Intermittent for occupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)

= Fan Mode during Unoccupied Period

=0 for unoccupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)

=1 for unoccupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)

= Weekly Hours thermostat is in Occupied mode,

= Minimum values depend on Building Type (see table below), maximum value of 168 (24/7)
ex: Weekly occupancy schedule of Mon-Sat 8AM-5PM, Sun 9AM-2PM, Ws = 59

Fan Mode

Electric Energy Use Climate Zone Coefficients and Minimum Weekly Hours Occupied

Climate Zone Coefficient (C2)

Mini
Building Type | During Occupied SR
Period (Fo)
Continuous | 911.366 | 928.924 | 1152.83 | 1208.999 | 1210.173 | |
Assembly 98
Intermittent 735.752 762.831 966.562 998.927 | 1028.906
Convenience Continuous 4817.094 | 4832.784 | 5139.133 | 5182.161 | 5208.608 108
Store Intermittent 1478.133 | 1514.568 | 1784.384 | 1843.463 | 1930.47
Office - Low Continuous 5047.662 | 5039.592 | 5187.924 | 5217.672 | 5177.449 s
Rise Intermittent 825.072 808.965 946.571 979.421 945.418
Religious Continuous 4197.117 | 4172.858 | 4380.025 | 4370.008 | 4356.054 133
Facility Intermittent 632.404 603.395 678.294 664.717 616.853
Restaurant — Continuous 1342.988 | 1378.661 | 1664.018 | 1714.201 | 1727.841 108
Fast Food Intermittent 993.764 | 1039.643 1307.8 | 1340.544 | 1389.791
Restaurant — Continuous 4070.35 | 4094.742 | 4428.966 | 4501.829 | 4522.522 .
Full Service Intermittent 1472.014 | 1516.05 | 1856.108 | 1938.441 | 2056.45
Retail - Continuous 1510.201 1496.47 1706.105 | 1716.128 | 1688.464
Department 93
Store Intermittent 701.27 702.129 847.735 875.12 881.677
Retail - Strip Continuous 1926.294 | 1930.137 | 2156.856 | 2174.435 | 2165.03 o3
Mall Intermittent 656.479 673.257 835.906 850.322 869.921
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EXAMPLE

A low rise office building in Rockford (Climate Zone 1) is occupied Mon-Fri 7AM-6PM and is heated and cooled
with a packaged Gas (150 kBtu output) / DX (10 Ton) RTU which is controlled by a programmable thermostat.
When the technician reviews the thermostat schedule they find the unoccupied schedule is programmed
incorrectly. During the unoccupied periods the fan is programmed correctly, and runs in intermittent “auto”
mode, although the heating and cooling temperature setpoints are not setback.

The technician adjusts the unoccupied schedule to include a 10°F cooling and heating temperature setback
during the unoccupied periods.

AkWh = [Baseline Energy Use (kWh/Ton) — Proposed Energy Use (kWh/Ton)] * Cooling Capacity (Tons)

Baseline Energy Use (kWh/Ton) = Equation for Office Low Rise, Fo=Continuous

= CZ+Fu*(7.082* Tc-41.199*Th+18.734* Ws-
3288.55)+Tc*(0.205* Ws-34.929)

=5047.662+1*(7.082*0-41.199*0+18.734*55-
3288.55)+0*(0.205*55-34.929)

=2,789.482 kWh/Ton
Proposed Energy Use (kWh/Ton) = Equation for Office Low Rise, Fo=Continuous

= CZ+Fu*(7.082*Tc-41.199*Th+18.734* Ws-
3288.55)+Tc*(0.205*Ws-34.929)

= 5047.662+1*(7.082*10-41.199*10+18.734*55-
3288.55)+10%(0.205*55-34.929)

=2,211.722 kWh/Ton
AkWh  =[2,789.482 (kWh/Ton) — 2,211.722 (kWh/Ton)] * 10 Tons
=577.71 kWh/Ton * 10 Tons

=5777.1 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A
NATURAL GAS ENERGY SAVINGS

ATherms = [Baseline Energy Use (Therms/kBtuh) — Proposed Energy Use(Therms/kBtuh)] *
Output Heating Capacity (kBtuh)

The following equations are used to calculate baseline and proposed natural gas energy use. The savings is the
difference between the proposed and baseline calculated usage. This approach allows the savings estimate to
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account for the operational attributes of the baseline as well as the proposed case, yielding a better estimate than
an approach that assumes a particular baseline or proposed energy use to determine savings.

Natural Gas Energy Use Equations (therms / kbtu)
Fan Mode During

Building T E .
uilding Type Occupied Period (Fo) quation
Continuous CZ+Fu*(0.232*Th+0.0984*Ws-18.79)+Th*(0.00271*Ws-0.535)+0.0142*Ws
Assembly termittent CZ+Fu*(0.00405*Th+0.000519* Ws-0.11)+Th*(0.0000689* Ws-
0.0118)+0.0022*Ws
. CZ+Fu*(0.00545*Th-0.00251*Ws+0.416)+Th*(0.000123* Ws-
Continuous W
Convenience Store 0.0204)+0.00183*Ws
Intermittent CZ+Fu*(0.00231*Th-0.0349)+Th*(0.000309* Ws-0.0494)+0.00266* Ws
Continuous CZ+Fu*(0.0205*Th+0.364)+Th*(0.00046* Ws-0.0554)+0.00169* Ws
Office — Low Rise
Intermittent CZ+Fu*(0.00745*Th-0.142)+Th*(0.00077* Ws-0.111)+0.00199* Ws
Continuous CZ+0.00791*Fu*Th+Th*(0.00096* Ws-0.167)+0.00184* Ws
Religious
Intermittent CZ+Fu*(0.00143*Th-0.0309)+Th*(0.0008* Ws-0.134)+0.00219* Ws
. CZ+Fu*(0.0431*Th+0.0424*Ws-7.517)+Th*(0.00113* Ws-
Continuous

0.213)+0.0119*Ws
Restaurant — Fast Food

CZ+Fu*(0.0125*Th+0.0036*WSs-0.71)+Th*(0.000329* Ws-

Intermittent 0.0615)+0.00738* Ws

Continuous CZ+Fu*(0.00445*Ws-0.535)+Th*(0.000679* Ws-0.1)+0.00218* Ws

Restaurant —Sit Down termittent CZ+Fu*(0.00144*Th+0.000262* Ws-0.0553)+Th*(0.00018* Ws-
0.0299)+0.00166* Ws

Continuous €Z+0.00203*Fu*Th+Th*(0.000591*Ws-0.0812)+0.00194*Ws
Retail — Large
Intermittent CZ+Th*(0.000406*Ws-0.0611)+0.00228*Ws
. CZ+Fu*(0.00998*Th+0.00207*WSs-0.206)+Th*(0.000665* Ws-
Continuous N
Retail - Stl’ip Mall 0.101)+0.00292 Ws
Intermittent CZ+Fu*(0.00383*Th-0.0656)+Th*(0.000575* Ws-0.0912)+0.00249* Ws
Where:
cz = Climate Zone Coefficient
= Depends on Building Type and Fan Mode During Occupied Period (see table below)
Th = Degrees of Heating Setback °F
= Must be between 0-15°F
Fo = Fan Mode During Occupied Period (Note: Commercial mechanical code requires continuous
fan operation during occupied periods to meet ventilation requirements.)
= Continuous for occupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)
= Intermittent for occupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)
Fu = Fan Mode during Unoccupied Period

=0 for unoccupied fan that runs continuously (e.g. Fan Mode Set to ‘On’)
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=1 for unoccupied fan that runs intermittently (e.g. Fan Mode Set to ‘Auto’)

Ws = Weekly Hours thermostat is in Occupied mode,

= Minimum values depends on Building Type (see table below), maximum value of 168 (24/7)
ex: Weekly occupancy schedule of Mon-Sat 8AM-5PM, Sun 9AM-2PM, Ws = 59.

Fan Mode During

Natural Gas Energy Use Climate Zone Coefficients and Minimum Weekly Hours Occupied
Climate Zone Coefficient (C2)

Building Type Occupied Period Minimum
Ws
(Fo)

Continuous 19.872 | 17.83 | 15.828 | 15.282 | 13.482

Assembly 98
Intermittent 0.237 | 0.0989 | 0.0267 | 0.0131 | 0.0871
Continuous 1.493 1.081 0.782 0.544 0.114

Convenience Store 108
Intermittent 1.128 0.854 0.619 0.437 | 0.0854
Continuous 1.718 1.317 0.971 0.739 0.319

Office - Low Rise 55
Intermittent 3.447 3.022 2.503 2.251 1.646
Continuous 6.294 5.55 4.678 4.202 3.122

Religious Facility 133
Intermittent 5.914 5.368 4.557 4.137 3.246
Continuous 8.383 7.211 6.034 5.767 4.71

Restaurant — Fast Food 108
Intermittent 1.227 0.636 0.302 0.102 -0.262
Continuous 5.247 4.484 3.753 3.465 2.627

Restaurant — Full Service 117
Intermittent 0.951 0.704 0.51 0.381 | 0.0746

Retail — Department Continuous 4,385 3.854 3.192 2.784 1.858 03

Store Intermittent 3.061 2.672 2.182 1.829 1.008
Continuous 3.917 3.394 2.728 2.394 1.617

Retail — Strip Mall 93
Intermittent 2.659 2.292 1.811 1.543 0.909
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EXAMPLE

A low rise office building in Rockford (Climate Zone 1) is occupied Mon-Fri 7AM-6PM and is heated and cooled
with a packaged Gas (150 kBtu output) / DX (10 Ton) RTU which is controlled by a programmable thermostat.
When the technician reviews the thermostat schedule they find the unoccupied schedule is programmed
incorrectly. During the unoccupied periods the fan is programmed correctly, and runs in intermittent “auto”
mode, although the heating and cooling temperature setpoints are not setback.

The technician adjusts the unoccupied schedule to include a 10°F cooling and heating temperature setback during
the unoccupied periods.

ATherms = [Baseline Energy Use (Therms/kBtuh) — Proposed Energy Use(Therms/kBtuh)] *
Output Heating Capacity (kBtuh)

Baseline Energy Use (Therms/kBtuh) = Equation for Office Low Rise, Fo=Continuous

= CZ+Fu*(0.0205*Th+0.364)+Th*(0.00046* Ws-
0.0554)+0.00169* Ws

=1.718+1*(0.0205*0+0.364)+0*(0.00046*55-0.0554)+0.00169*55
=2.17495 Therms/kBtuh output
Proposed Energy Use (Therms/kBtuh) = Equation for Office Low Rise, Fo=Continuous
= CZ+Fu*(0.0205*Th+0.364)+Th*(0.00046* Ws-0.0554)+0.00169* Ws
=1.718+1*(0.0205*10+0.364)+10*(0.00046*55-0.0554)+0.00169* 55
=2.07895 Therms/kBtuh output
ATherms = [2.17495 (Therms/kBtuh output) — 2.07895 (Therms/kBtuh output)] * 150kBtuh output
=0.096 (Therms/kBtuh output) * 150kBtuh output

=14.4 Therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEeASURE CopE: CI-HVC-PRGA-V01-150601

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 263 of 493



Docket No. 16-
ComEd Ex. 1.0
Appendix C
Illinois Statewide Technical Reference Manual- 4.4.26 Variable Speed Drives for HVAC Supply and Return Fans

4.4.26 Variable Speed Drives for HVAC Supply and Return Fans

DESCRIPTION

This measure is applied to variable speed drives (VSD) which are installed on HVAC supply fans and return fans.
There is a separate measure for HVAC pumps and cooling tower fans. All other VSD applications require custom
analysis by the program administrator. The VSD will modulate the speed of the motor when it does not need to run
at full load. Since the power of the motor is proportional to the cube of the speed for these types of applications,
significant energy savings will result.

This measure was developed to be applicable to the following program types: TOS, RF. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The VSD is applied to a motor which does not have a VSD. The application must have a variable load and
installation is to include the necessary controls. Savings are based on application of VSDs to a range of baseline
load conditions including no control, inlet guide vanes, outlet guide vanes and throttling valves.

DEFINITION OF BASELINE EQUIPMENT

The time of sale baseline is a new motor installed without a VSD or other methods of control. Retrofit baseline is
an existing motor operating as is. Retrofit baselines may or may not include guide vanes, throttling valves or other
methods of control. This information shall be collected from the customer.

Installations of new equipment with VSDs which are required by IECC 2012 or 2015 as adopted by the State of
Illinois are not eligible for incentives.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

416 417

The expected measure life for HVAC application is 15 years;*!* measure life for process is 10 years.
DEEMED MEASURE COST

Customer provided costs will be used when available. Default measure costs*'® are noted below for up to 20 hp
motors. Custom costs must be gathered from the customer for motor sizes not listed below.

HP \ Cost \
1-5HP $1,330
7.5 HP $1,622
10 HP $1,898
15 HP $2,518
20 HP $3,059

LOADSHAPE
Loadshape C39 - VFD - Supply fans <10 HP
Loadshape C40 - VFD - Return fans <10 HP
Loadshape C41 - VFD - Exhaust fans <10 HP

COINCIDENCE FACTOR

The demand savings factor (DSF) is already based upon coincident savings, and thus there is no additional

416 Efficiency Vermont TRM 10/26/11 for HVAC VSD motors

417 DEER 2008

418 Ohio TRM 8/6/2010 varies by motor/fan size based on equipment costs from Granger 2008 Catalog pp 286-289, average
across available voltages and models. Labor costs from RS Means Data 2008 Ohio average cost adjustment applied.
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coincidence factor for this characterization.

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS*Y
kWhBase = 100%
(0.746 X HP X > X RHRSgqe X Z (%FF X PLRgqse)
antOT
0%
kW hretrofit = 100%
(0.746 X HP X > X RHRS) 450 X Z (%FF X PLRpetrofit)
antOT
0%
Akthan = kWhBase - kWhRetrofit
AkWhtotaI = Akthan X (1 + IEenergy)
Where:
kWhgase = Baseline annual energy consumption (kWh/yr)
kW hpetrofit = Retrofit annual energy consumption (kWh/yr)
AkWh oy, = Fan-only annual energy savings
ARWheotar = Total project annual energy savings
0.746 = Conversion factor for HP to kWh
HP = Nominal horsepower of controlled motor
LF = Load Factor; Motor Load at Fan Design CFM (Default = 65%)%°
Nmotor = Installed nominal/nameplate motor efficiency

Default motor is a NEMA Premium Efficiency, ODP, 4-pole/1800 RPM fan motor

419 Methodology developed and tested in Del Balso, Ryan Joseph. “Investigation into the Reliability of Energy Efficiency/Demand
Side Management Savings Estimates for Variable Frequency Drives in Commercial Applications”. A project report submitted to
the Faculty of the Graduate School of the University of Colorado, 2013.

420 | awrence Berkeley National Laboratory, and Resource Dynamics Corporation. (2008). “Improving Motor and Drive System
Performance; A Sourcebook for Industry”. U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy.
Golden, CO: National Renewable Energy Laboratory.

ILTRM v5.0 Vol. 2_February 11, 2016_Final Page 265 of 493



Docket No. 16-
ComEd Ex. 1.0
Appendix C

Illinois Statewide Technical Reference Manual- 4.4.26 Variable Speed Drives for HVAC Supply and Return Fans

NEMA Premium Efficiency Motors Default Efficiencies

421

1 0.825 0.855 0.770 0.825 0.855 0.770
1.5 0.865 0.865 0.840 0.875 0.865 0.840
2 0.875 0.865 0.855 0.885 0.865 0.855
3 0.885 0.895 0.855 0.895 0.895 0.865
5 0.895 0.895 0.865 0.895 0.895 0.885
7.5 0.902 0.910 0.885 0.910 0.917 0.895
10 0.917 0.917 0.895 0.910 0.917 0.902
15 0.917 0.930 0.902 0.917 0.924 0.910
20 0.924 0.930 0.910 0.917 0.930 0.910
25 0.930 0.936 0.917 0.930 0.936 0.917
30 0.936 0.941 0.917 0.930 0.936 0.917
40 0.941 0.941 0.924 0.941 0.941 0.924
50 0.941 0.945 0.930 0.941 0.945 0.930
60 0.945 0.950 0.936 0.945 0.950 0.936
75 0.945 0.950 0.936 0.945 0.954 0.936
100 0.950 0.954 0.936 0.950 0.954 0.941
125 0.950 0.954 0.941 0.950 0.954 0.950
150 0.954 0.958 0.941 0.958 0.958 0.950
200 0.954 0.958 0.950 0.958 0.962 0.954
250 0.954 0.958 0.950 0.958 0.962 0.958
300 0.954 0.958 0.954 0.958 0.962 0.958
350 0.954 0.958 0.954 0.958 0.962 0.958
400 0.958 0.958 0.958 0.958 0.962 0.958
450 0.962 0.962 0.958 0.958 0.962 0.958
500 0.962 0.962 0.958 0.958 0.962 0.958

421 Douglass, J. (2005). Induction Motor Efficiency Standards. Washington State University and the Northwest Energy Efficiency

Alliance, Extension Energy Program, Olympia, WA. Retrieved October 17, 2013, from

http://www1.eere.energy.gov/manufacturing/tech_assistance/pdfs/motor_efficiency_standards.pdf
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RHRSg e = Annual operating hours for fan motor based on building type

Default hours are provided for HVAC applications which vary by HVAC application and

building type*?2. When available, actual hours should be used.
o Total Fan
Building Type Run Hours
Assembly 7235
Assisted Living 8760
College 6103
Convenience Store 7004
Elementary School 7522
Garage 7357
Grocery 7403
Healthcare Clinic 6345
High School 7879
Hospital - VAV econ 8760
Hospital - CAV econ 8760
Hospital - CAV no econ 8760
Hospital - FCU 8760
Manufacturing Facility 8706
MF - High Rise 8760
MF - Mid Rise 8760
Hotel/Motel - Guest 8760
Hotel/Motel - Common 8760
Movie Theater 7505
Office - High Rise - VAV econ 6064
Office - High Rise - CAV econ 5697
Office - High Rise - CAV no econ 5682
Office - High Rise - FCU 6163
Office - Low Rise 6288
Office - Mid Rise 6125
Religious Building 7380
Restaurant 7809
Retail - Department Store 6890
Retail - Strip Mall 6846
Warehouse 6786
Unknown 7100
%FF = Percentage of run-time spent within a given flow fraction range

Default Fan Duty Cycle Based on 2012 ASHRAE Handbook; HVAC Systems and Equipment,
page 45.11, Figure 12.

422 Hours per year are estimated using the eQuest models as the total number of hours the fans are operating for heating,
cooling and ventilation for each building type.
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Flow Fraction . .
Percent of Time at Flow Fraction

(% of design cfm)
0% to 10% 0.0%
10% to 20% 1.0%
20% to 30% 5.5%
30% to 40% 15.5%
40% to 50% 22.0%
50% to 60% 25.0%
60% to 70% 19.0%
70% to 80% 8.5%
80% to 90% 3.0%
90% to 100% 0.5%
PLRgpgse = Part load ratio for a given flow fraction range based on the baseline flow control type
PLRgetrofit = Part load ratio for a given flow fraction range based on the retrofit flow control type

Flow Fraction

Control Type

50% 60%

No Control or Bypass

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Damper

Discharge Dampers 0.46 0.55 0.63 0.70 0.77 0.83 0.88 0.93 0.97 1.00

Outlet Damper, Bl & Airfoil

Fans 0.53 0.53 0.57 0.64 0.72 0.80 0.89 0.96 1.02 1.05

Inlet Damper Box 0.56 0.60 0.62 0.64 0.66 0.69 0.74 0.81 0.92 1.07

Inlet Guide Vane, Bl & 053 | 056 | 057 | 059 | 0.60 | 062 | 0.67 | 074 | 0.85 | 1.00

Airfoil Fans

Inlet Vane Dampers 0.38 0.40 0.42 0.44 0.48 0.53 0.60 0.70 0.83 0.99
Outlet Damper, FC Fans 0.22 0.26 0.30 0.37 0.45 0.54 0.65 0.77 0.91 1.06
Eddy Current Drives 0.17 0.20 0.25 0.32 0.41 0.51 0.63 0.76 0.90 1.04

Inlet Guide Vane, FC Fans 0.21 0.22 0.23 0.26 0.31 0.39 0.49 0.63 0.81 1.04

VFD with duct static

0.09 0.10 0.11 0.15 0.20 0.29 0.41 0.57 0.76 1.01
pressure controls

VFD with low/no duct

. 0.05 0.06 0.09 0.12 0.18 0.27 0.39 0.55 0.75 1.00
static pressure

Provided below is the resultant values based upon the defaults provided above:
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IEenergy

ControlType 303" (%FF X PLRpase)

No Control or Bypass Damper 1.00
Discharge Dampers 0.80
Outlet Damper, Bl & Airfoil Fans 0.78
Inlet Damper Box 0.69
Inlet Guide Vane, Bl & Airfoil Fans 0.63
Inlet Vane Dampers 0.53
Outlet Damper, FC Fans 0.53
Eddy Current Drives 0.49
Inlet Guide Vane, FC Fans 0.39
VFD with duct static pressure controls 0.30
VFD with low/no duct static pressure 0.27

= HVAC interactive effects factor for energy (default = 15.7%)

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Where:

kWhase =

kWRetrofit =

Akaan =
AkWiotal =

kWBase

kWRetrofit

AW

AkVVtotal

PLRBase,FFpeak

PLRRetrofit,FFpeak

IEdemand

(0.746 X HP X ) X PLRBase,FFpeak

Nmotor

(0.746 X HP x ) X PLRRetrofit,FFpeak

Nmotor

kWBase - kVVRetrofit
Akaan X (1 + IEclemand)

= Baseline summer coincident peak demand (kW)

= Retrofit summer coincident peak demand (kW)

= Fan-only summer coincident peak demand impact

= Total project summer coincident peak demand impact

= The part load ratio for the average flow fraction between the peak daytime
hours during the weekday peak time period based on the baseline flow control
type (default average flow fraction during peak period = 90%)

= The part load ratio for the average flow fraction between the peak daytime
hours during the weekday peak time period based on the retrofit flow control

type (default average flow fraction during peak period = 90%)

= HVAC interactive effects factor for summer coincident peak demand
(default = 15.7%)

FossIL FUEL IMPACT DESCRIPTIONS AND CALCULATION

There are no expected fossil fuel impacts for this measure.
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEeMED O&M CoST ADJUSTMENT CALCULATION

N/A

MEASURE CoDE: CI-HVC-VSDF-V02-160601
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4.4.27 Energy Recovery Ventilator

DESCRIPTION

This measure includes the addition of energy recovery equipment on existing or new unitary equipment, where
energy recovery is not required by the IECC 2012/2015. This measure analyzes the heating savings potential from
recovering energy from exhaust or relief building air. This measure assumes during unoccupied hours of the
building no exhaust or relief air is available for energy recovery.

This measure was developed to be applicable to the following program types: TOS, NC, RF.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Efficient equipment is unitary equipment that incorporates energy recovery not required by the IECC 2012/2015.
DEFINITION OF BASELINE EQUIPMENT

The baseline is unitary equipment not required by IECC 2012/2015 to incorporate energy recovery.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the domestic energy recovery equipment is 15 years.423

DEEMED MEASURE COST

The incremental cost for this measure assumes cost of cabinet and controls incorporated into packaged and built
up air handler units. Additionally it assumes 1 to 1 ratio of fresh and exhausted air.

Energy Recovery Equipment Type Incremental Cost $/CFM**

Fixed Plate $6
Rotary Wheel S6
Heat Pipe S6

DEemMED O&M COST ADJUSTMENTS

There are no expected O&M savings associated with this measure.
LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

423 Assumed service life limited by controls -" Demand Control Ventilation Using CO2 Sensors", pg. 19, by US Department of
Energy Efficiency and Renewable Energy
424"Map to HVAC Solutions", by Michigan Air, Issue 3, 2006
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Algorithm

CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS

SUMMER COINCIDENT PEAK DEMAND SAVINGS

There are no anticipated electrical savings from this measure as it is assumed that the additional fan energy due to
the increased static pressure drop offsets cooling energy savings. Where this is not expected to be the case, a
custom calculation should be used to determine the savings.

NATURAL GAS SAVINGS

Gas savings algorithm is derived from the following:

ATherms = (Design Heating Load * TE_ERV * EFLH * OccHours/24) / (100,000 * uHeat)
Where:
Design Heating Load =(1.08 * CFM * AT)
1.08 = A constant for sensible heat equations (BTU/h/CFM.°F)
CFM = Cubic Feet per Minute of Energy Recovery Ventilator
AT =T RA-T_DD
T_RA  =Temperature of the Return Air = 70°F or custom
T DD =Temperature on design day of outside air*?®
= (see Table below) or custom
Zone Weather Station T_DD, Temperature, °F
1 Greater Rockford -5.8
2 Chicago/O’Hare ARPT. -1.5
3 Springfield/Capital 0.4
4 Scott AFB MidAmerica 9.0
5 Cape Girardeau Regional 9.7
Average - 2.4
TE_ERV = Thermal Effectiveness of Energy Recovery Equipment?2®

= (see Table below) or custom

425\ eather Station Data, 99.6% Heating DB - 2013 Fundamentals, ASHRAE Handbook
426Energy Recovery Fact Sheet - Center Point Energy, MN
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Heat Recovery Equipment Type TE_ERV (%)
Fixed Plate 0.65
Rotary Equipment 0.68
Heat Pipe 0.55
EFLH = Equivalent Full Load Hours for heating are provided in section 4.4 HVAC End
Use
OccHours = Average Hours per day facility is occupied

= custom or use Modeling Inputs in eQuest models:

Annual
Weekday Saturday Sunday Holiday Operating| OccHours
Hours
Assembly/Convention Center |10am-9pm 10am-9pm 10am-9pm closed 3905 10.7
Assisted Living 24/7 24/7 24/7 24/7 8760 24.0
College 8am-9pm closed closed closed 3263 8.9
Convenience Store 7am-10pm 9am-9pm 10am-5pm 10am-5pm 4823 13.2
Elementary School 8am-4pm closed closed closed 1606 4.4
(20% in summer)
Garage 7am-5pm 8am-12pm closed closed 3342 9.1
Grocery 7am-9pm 7am-9pm 9am-8pm closed 4814 13.2
Healthcare Clinic 7am-7pm 9am-5pm closed closed 3428 9.4
High School 8am-4pm closed closed closed 1606 4.4
g (20% in summer) ’
Hospital 24/7 24/7 24/7 24/7 8760 24.0
Motel 24/7 24/7 24/7 24/7 8760 24.0
Manufacturing Facility (Light [Mfg: 6am-10pm, [Mfg: 6am-10pm,
Industry) Office: 8am-5pm [Office: closed closed closed 4848 133
24/7; Reduced 24/7; Reduced |24/7; Reduced|24/7; Reduced
Multi-Family Mid-Rise occupancy 7am - |occupancy 9am -|occupancy occupancy 7038 19.3
5pm 3pm 9am - 3pm 9am - 3pm
24/7; Reduced 24/7; Reduced |24/7; Reduced|24/7; Reduced
Multi-Family High-Rise occupancy 7am - |occupancy 9am -|occupancy occupancy 7038 19.3
5pm 3pm 9am - 3pm 9am - 3pm
. - _— 10am- 10am-
Movie Theater 10am-Midnight [10am-Midnight Midnight Midnight 5110 14.0
Office - Low-rise 8am-5pm closed closed closed 2259 6.2
Office - Mid-rise 8am-5pm 20% 8am-noon |closed closed 2301 6.3
Office - High-rise 8am-5pm 20% 8am-noon |closed closed 2301 6.3
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Annual
Weekday Saturday Sunday Holiday Operating| OccHours

Hours

- - Office: 8am-5pm,
Religious Building Ice: sam-opm closed 8am-1pm closed 260 0.7
other: closed
Restaurant 7am-8pm 7am-8pm 7am-8pm closed 4615 12.6
Retail - Department Store 9am-9pm 9am-9pm 10am-5pm 10am-5pm 4070 11.1
Retail - Strip Mall 9am-9pm 9am-9pm 10am-5pm 10am-5pm 4070 11.1
.. 7am-7pm

Wareh

arehouse (Conditioned 7am-7pm (reduced closed closed 3324 9.1
Storage)

occupancy)
UHeat = Efficiency of heating system

= Actual
WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DeemMED O&M CosT ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-ERVE-V02-160601
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4.4.28 Stack Economizer for Boilers Serving HVAC Loads

MEASURE DESCRIPTION

Stack economizers are designed to recover heat from hot boiler flue gasses. Recovered heat is used to preheat
boiler feed water. This measure describes the retrofit of HVAC boilers with stack economizers. HVAC boilers are
defined as those used for space heating applications. There is another, similar measure for boilers that serve
process loads.

This measure was developed to be applicable to the following program types: NC, TOS, RF.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify the economizer must be installed on a boiler exhaust stack. Heat captured by the economizer is to be
used to pre-heat boiler feed water.

DEFINITION OF BASELINE EQUIPMENT
The baseline boiler does not have an economizer installed.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the boiler stack economizer is 15 years.*’

DEEMED MEASURE COST
The incremental and full measure cost for this measure is custom.

DeemMED O&M CoST ADJUSTMENTS
The O&M cost for this measure is custom.

LOADSHAPE
N/A

COINCIDENCE FACTOR
N/A

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS
Atherms = SF * MBH_In * EFLH / 100

Where:
SF = (T_existing — T_eff) / 40°F * TRE

427 PA Consulting, Focus on Energy Evaluation, Business Programs: Measure Life Study, August 25, 2009.
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= see default Savings Factor table below
Where:

T_existing = Existing Full Fire Boiler Flue Gas Temperature as it exits the Stack
= 425F*8 (water, 81.9% eff) or custom
= 480F3 (steam, 80.7% eff) or custom

T_eff = Efficient Full Fire Boiler Flue Gas Temperature as it exits the Stack
= 338°F (conventional economizer — Water Boiler)*?® or custom
=365°F (conventional economizer — Steam Boiler)*3° or custom
= 280°F (condensing economizer — Water Boiler)*3! or custom
= 308°F (condensing economizer — Steam Boiler)*3? or custom

TRE =% efficiency increase for 40°F of stack temperature reduction
=1%* or custom

Based on defaults provided above:

Hot Water Boiler 2.19% average SF or custom 3.63% average SF or custom

Steam Boiler 2.88% average SF or custom 4.31% average SF or custom

428 Cleaver Brooks. March 2012, Boiler Efficiency Guide, Pg. 7, Figure 1.

429 The minimum stack temperature for a non-condensing economizer is 250°F from Department of Energy (DOE). January
2012, Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC:
U.S. Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient
temperature minimum, ( 425°F + 250°F ) / 2 = 338°F.

430 The minimum stack temperature for a non-condensing economizer is 250°F from Department of Energy (DOE). January
2012, Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC:
U.S. Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient
temperature minimum, ( 480°F + 250°F ) / 2 = 365°F.

431 The minimum stack temperature for a condensing economizer is 250°F from Department of Energy (DOE). January 2012,
Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC: U.S.
Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient temperature
minimum, ( 425°F + 135°F ) / 2 = 280°F.

432 The minimum stack temperature for a condensing economizer is 250°F from Department of Energy (DOE). January 2012,
Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC: U.S.
Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient temperature
minimum, ( 480°F + 135°F ) / 2 = 308°F.

433 United States EPA, Climate Wise: Wise Rules for Industrial Efficiency, July 1998. The Wise Rules indicate savings range of 1-
2% per 40°F reduction, so utilizing 1% is a conservative approach.

434 These average values should be utilized in absence of actual temperature data. An economizer with a zero temperature
change between the existing and the efficient temperatures would not be installed, so these average values are conservative.
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MBH_In = Rated boiler input capacity, in MBH
= Actual

EFLH = Equivalent Full Load Hours for heating are provided in Section 4.4 HVAC End Use

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CopE: CI-HVC-BECO-V01-150601
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4.4.29 Stack Economizer for Boilers Serving Process Loads

MEASURE DESCRIPTION

Stack economizers are designed to recover heat from hot boiler flue gasses. Recovered heat is used to preheat
boiler feed water. This measure describes the retrofit of process boilers with stack economizers. Process boilers
are defined as those used for industrial, manufacturing, or other non-HVAC applications. There is another, similar
measure for boilers that serve HVAC loads.

This measure was developed to be applicable to the following program types: NC, TOS, RF.
If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify the economizer must be installed on a boiler exhaust stack. Heat captured by the economizer is to be
used to pre-heat boiler feed water.

DEFINITION OF BASELINE EQUIPMENT

The baseline boiler does not have an economizer installed.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life for the boiler stack economizer is 15 years.435
DEEMED MEASURE COST

The incremental and full measure cost for this measure is custom.
DEEMED O&M COST ADJUSTMENTS

The O&M cost for this measure is custom.

LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

435 PA Consulting, Focus on Energy Evaluation, Business Programs: Measure Life Study, August 25, 2009.
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS
N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS
Atherms =SF * MBH_In * 8766 * UF / 100

Where:
SF = (T_existing — T_eff)/40°F * TRE

= see default Savings Factor table below

T_existing = Existing Full Fire Boiler Flue Gas Temperature as it exits the Stack
= 425F%3¢ (water, 81.9% eff per IL TRM) or custom
= 480F3 (steam, 80.7% eff per IL TRM) or custom

T eff = Efficient Full Fire Boiler Flue Gas Temperature as it exits the Stack
= 338°F (conventional economizer — Water Boiler)*” or custom
=365°F (conventional economizer — Steam Boiler)*3® or custom
= 280°F (condensing economizer — Water Boiler)*3 or custom

= 308°F (condensing economizer — Water Boiler)*° or custom

436 Cleaver Brooks. March 2012, Boiler Efficiency Guide, Pg. 7, Figure 1.

437 The minimum stack temperature for a non-condensing economizer is 250°F from Department of Energy (DOE). January
2012, Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC:
U.S. Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient
temperature minimum, ( 425°F + 250°F ) / 2 = 338°F.

438 The minimum stack temperature for a non-condensing economizer is 250°F from Department of Energy (DOE). January
2012, Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC:
U.S. Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient
temperature minimum, ( 480°F + 250°F ) / 2 = 365°F.

439 The minimum stack temperature for a condensing economizer is 250°F from Department of Energy (DOE). January 2012,
Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC: U.S.
Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient temperature
minimum, ( 425°F + 135°F ) / 2 = 280°F.

440 The minimum stack temperature for a condensing economizer is 250°F from Department of Energy (DOE). January 2012,
Steam Tip Sheet #26A, Consider Installing a Condensing Economizer. Advanced Manufacturing Office. Washington, DC: U.S.
Department of Energy. The average temperature drop is assumed to be % way between the existing and efficient temperature
minimum, ( 480°F + 135°F ) / 2 = 308°F.
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TRE =% efficiency increase for 40°F of stack temperature reduction

=1%* or custom

Based on defaults provided above:

SF442
Boiler Type
Conventional Economizer Condensing Economizer
Hot Water Boiler 2.19% average SF or custom 3.63% average SF or custom
Steam Boiler 2.88% average SF or custom 4.31% average SF or custom
MBH_In = Rated boiler input capacity, in MBH
= Actual
8766 = Hours a year
UF = Utilization Factor

=41.9%** or custom

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEeMED O&M CoST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: CI-HVC-PECO-V01-150601

441 United States EPA, Climate Wise: Wise Rules for Industrial Efficiency, July 1998. The Wise Rules indicate savings range of 1-
2% per 40°F reduction, so utilizing 1% is a conservative approach.

442 These average values should be utilized in absence of actual temperature data. An economizer with a zero temperature
change between the existing and the efficient temperatures would not be installed, so these average values are conservative.
443 Work Paper — Tune up for Boilers serving Space Heating and Process Load by Resource Solutions Group, January 2012
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4.4.30 Notched V Belts for HVAC Systems

MEASURE DESCRIPTION

This measure is for replacement of smooth v-belts in non-residential package and split HVAC systems with notched
v-belts. Typically there is a v-belt between the motor and the supply air fan and/or return air fan in larger package
and split HVAC systems (RTU).

In general there are two styles of grooved v-belts, notched and synchronous. The DOE defines each as follows;

Notched V-Belts - A notched belt has grooves or notches that run perpendicular to the belt’s length, which reduces
the bending resistance of the belt. Notched belts can use the same pulleys as cross-section standard V-belts. They
run cooler, last longer, and are about 2% more efficient than standard V-belts.

Synchronous Belts - Synchronous belts (also called cogged, timing, positive-drive, or high-torque drive belts) are
toothed and require the installation of mating grooved sprockets. These belts operate with a consistent efficiency
of 98% and maintain their efficiency over a wide load range.

Smooth v-belts are usually referred to in five basic groups:

o  “L” belts are low end belts that are for small, fractional horsepower motors and these are not used in
RTUs.

e “A” and “B” belts are the two types typically used in RTUs. The “A” belt is a % inch width by 5/16 inch
thickness and the “B” belt is larger, 21/32 inch wide and 12/32 inch thick so it can carry more power. V-
belts come in a wide variety of lengths where 20 to 100 inches is typical.

e  “C”and “D” belts are primarily for industrial applications with high power transmission requirements.

e V-belts are provided by various vendors. The notched version of these belts typically have an “X” added
to the designation. For this HVAC fans notched v-belt Replacement measure, only the “A” and “B” v-belts
are considered. A typical “A” v-belt is replaced by a notched “AX” v-belt and a “B” is replaced by a “BX.”
In general, smooth v-belts have an efficiency of 90% to 98% while notched v-belts have an efficiency of
95% to 98%. Because notched v-belts are more flexible they work with smaller diameter pulleys and they
have less resistance to bending. Lower bending resistance increases the power transmission efficiency,
lowers the waste heat, and allows the belt to last longer than a smooth belt.

Three research papers** 445 446 show that the notched v-belt efficiency is 2% to 5% better than a typical smooth v-

belt. A fourth paper by USDOE’s Energy Efficiency and Renewable Energy**’ group reviewed most of the earlier

literature and recommended using a conservative 2% efficiency improvement for energy savings for calculations.

For this measure it is assumed that upgrading a standard smooth v-belt with a new notched v-belt will result in a
fan energy reduction of 2%.

444"Gates Corporation Announces New EPDM Molded Notch V-Belts,” The Gates Rubber Co., June 2010 (Assumed 3% efficiency
improvement) https://ww2.gates.com/news/index.cfm?id=11296&show=newsitem&location id=753&view=Gates

445 “Synchronous Belt Drives Offer Low Cost Energy Savings,” Baldor., February 2009. (attached in Reference Documents)

446 "Energy Savings from Synchronous Belts," The Gates Rubber Co., February 2014. (Assumed 5% efficiency improvement)
http://www.gates.com/~/media/Files/Gates/Industrial/Power%20Transmission/White%20Papers/Energy%20Savings%20from%
20Synchronous%20Belt%20Drives.pdf

447 “Motor System Tip Sheet #5, Replace V-Belts with Cogged or Synchronous Belt Drives,” USDOE-EERE, September 2005.
(Assumed 2% efficiency improvement)

http://www1.eere.energy.gov/industry/bestpractices/pdfs/replace vbelts motor systemts5.pdf
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DEFINITION OF EFFICIENT EQUIPMENT

The Efficient Equipment is HVAC RTUs that have notched v-belts installed on the supply and/or return air fans.

DEFINITION OF BASELINE EQUIPMENT

The Baseline Equipment is HVAC RTUs that have smooth v-belts installed on the supply and/or return air fans (i.e.
RTU does not already have a notched v-belt installed).

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

A v-belt has a life based on fan run hours which varies by building type based primarily on occupancy schedule
because the fans are required by code to operate continuously during occupied hours. The supply and return fans
will also run a few hours during unoccupied hours for heating and cooling as needed. For the notched v-belt EUL
calculation, the default hours**® in the following table are used for a variety of building types and HVAC

applications.
EUL = Belt Life / Occupancy Hours per year
Where:
Belt Life = 24,000 hours**
Occupancy Hours per year =values from Table below

The notched v-belt measure EUL is summarized by building type in the following table.

Notched v-belt Effective Useful Life (EUL)

Total Fan

Building Type Run Hours EUL (Years)
Assembly 7235 3.3
Assisted Living 8760 2.7
College 6103 3.9
Convenience Store 7004 3.4
Elementary School 7522 3.2
Garage 7357 3.3
Grocery 7403 3.2
Healthcare Clinic 6345 3.8
High School 7879 3.0
Hospital - VAV econ 8760 2.7
Hospital - CAV econ 8760 2.7
Hospital - CAV no econ 8760 2.7
Hospital - FCU 8760 2.7
Manufacturing Facility 8706 2.8
MF - High Rise 8760 2.7

448 ComEd Trm June 1, 2010 page 139. The Office hours is based upon occupancy from the eQuest model developed for EFLH,
since it was agreed the ComEd value was too low.

449 “DEER2014-EUL-table-update 2014-02-05.xlsx,” Database for Energy Efficiency Resources (DEER), Deer 2014.
www.deerresources.com (attached in Reference Documents)
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Total Fan

Building Type Run Hours EUL (Years)
MF - Mid Rise 8760 2.7
Hotel/Motel - Guest 8760 2.7
Hotel/Motel - Common 8760 2.7
Movie Theater 7505 3.2
Office - High Rise - VAV econ 6064 4.0
Office - High Rise - CAV econ 5697 4.2
Office - High Rise - CAV no econ 5682 4.2
Office - High Rise - FCU 6163 3.9
Office - Low Rise 6288 3.8
Office - Mid Rise 6125 3.9
Religious Building 7380 3.3
Restaurant 7809 3.1
Retail - Department Store 6890 3.5
Retail - Strip Mall 6846 3.5
Warehouse 6786 3.5
Unknown 7100 3.4

DEEMED MEASURE COST

A review of the Grainger online*° pricing for “A,” “B,” “AX,” and “BX” v-belts showed the incremental cost to
upgrade to notched v-belts would result in a 28% price increase. The notched v-belt incremental cost is
summarized in the table below:

Notched V-belt Incremental Cost Summary

Outside | Dayton Dayton
Smooth V-Belt Industry Length Smooth | Notched V-belt Industry | Notched Price %
Number (Inches) @ V-Belt* Number v-belt* Increase | Increase
A30 (Iltem # 1A095) 32 $12.70 AX29 (Item # 3GWU4) $17.65 $4.95 28%
B29 (Item # 6L208) 32 $16.75 BX29 (Item # 5TXL4) $23.23 $6.48 28%

* Pricing based on Dayton Belts as found on Grainger Website 10/30/14

DeemED O&M CoST ADJUSTMENTS

N/A

LOADSHAPE

Loadshape CO5 - Commercial Electric Heating and Cooling

COINCIDENCE FACTOR

N/A

450 Grainger catalog on-line web-site for Dayton v-belt pricing
http://www.grainger.com/Grainger/ecatalog/N-1z0r596/Ntt-v-belts
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = chonnected* Hours * ESF
Where:
kW connected =kW of equipment is calculated using motor efficiency*>.

= (HP * 0.746 kW/HP* Load Factor)/Motor Efficiency

Load Factor

=Motors are assumed to have a load factor of 80% for calculating KW if actual

values cannot be determined**?. Custom load factor may be applied if known.

Motor Efficiency = Actual motor efficiency shall be used to calculate KW. If not known a value
from the motor efficiency refrence tables below should be used*®. Default
motor is a NEMA Premium Efficiency, ODP, 4-pole/1800 RPM fan motor

Baseline Motor Efficiencies (EPACT)
Open Drip Proof (ODP)
# of Poles

2 6

Speed (RPM)

Totally Enclosed Fan-Cooled (TEFC)

1800 ‘ 3600 1200 1800 3600
1/8 - 44.00% - - - -
1/6 57.50% 62.00% - - - -
1/4 68.00% 68.00% - 68.00% 64.00% -
1/3 70.00% 70.00% 72.00% 70.00% 68.00% 72.00%
1/2 78.50% 80.00% 68.00% 72.00% 74.00% 68.00%
3/4 77.00% 78.50% 74.00% 77.00% 75.50% 74.00%
1 80.00% 82.50% 75.50% 80.00% 82.50% 75.50%
1.5 84.00% 84.00% 82.50% 85.50% 84.00% 82.50%
2 85.50% 84.00% 84.00% 86.50% 84.00% 84.00%
3 86.50% 86.50% 84.00% 87.50% 87.50% 85.50%
5 87.50% 87.50% 85.50% 87.50% 87.50% 87.50%

451 Note that kWConnected may be determined using various methodologies. The examples provided use rated HP and
assumed load factor. Other methodologies include rated voltage and full load current with assumed load factor, or actual

measured voltage and current.

452 Com Ed TRM June 1, 2010

453 Efficiency values for motors less than one HP taken from Baldor Electric Catalog 501:
http://www.baldor.com/pdf/501 Catalog/CA501.pdf
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Baseline Motor Efficiencies (EPACT)

7.5 88.50% 88.50% 87.50% 89.50% 89.50% 88.50%
10 90.20% 89.50% 88.50% 89.50% 89.50% 89.50%
15 90.20% 91.00% 89.50% 90.20% 91.00% 90.20%
20 91.00% 91.00% 90.20% 90.20% 91.00% 90.20%
25 91.70% 91.70% 91.00% 91.70% 92.40% 91.00%

Efficient Motor Efficiencies (NEMA Premium)

Open Drip Proof (ODP) Totally Enclosed Fan-Cooled (TEFC)
# of Poles # of Poles
Size HP
Speed (RPM) Speed (RPM)
(Dﬁ:&t) 3600 1200 1800

0.125 * - 44.00% - - - -

1/6 57.50% 62.00% - - - -

1/4 68.00% 68.00% - 68.00% 64.00% -
1/3 70.00% 70.00% 72.00% 70.00% 68.00% 72.00%
1/2 78.50% 80.00% 68.00% 72.00% 74.00% 68.00%
3/4 77.00% 78.50% 74.00% 77.00% 75.50% 74.00%
1 82.50% 85.50% 77.00% 82.50% 85.50% 77.00%
1.5 86.50% 86.50% 84.00% 87.50% 86.50% 84.00%
2 87.50% 86.50% 85.50% 88.50% 86.50% 85.50%
3 88.50% 89.50% 85.50% 89.50% 89.50% 86.50%
5 89.50% 89.50% 86.50% 89.50% 89.50% 88.50%
7.5 90.20% 91.00% 88.50% 91.00% 91.70% 89.50%
10 91.70% 91.70% 89.50% 91.00% 91.70% 90.20%
15 91.70% 93.00% 90.20% 91.70% 92.40% 91.00%
20 92.40% 93.00% 91.00% 91.70% 93.00% 91.00%
25 93.00% 93.60% 91.70% 93.00% 93.60% 91.70%

Hours = When available, actual hours should be used. If actual hours are not available default

hours*5* are provided in table below for HVAC fan operation which varies by building
type:

434 Hours per year are estimated using the eQuest models as the total number of hours the fans are operating for heating,
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o Total Fan
Building Type Run Hours
Assembly 7235
Assisted Living 8760
College 6103
Convenience Store 7004
Elementary School 7522
Garage 7357
Grocery 7403
Healthcare Clinic 6345
High School 7879
Hospital - VAV econ 8760
Hospital - CAV econ 8760
Hospital - CAV no econ 8760
Hospital - FCU 8760
Manufacturing Facility 8706
MF - High Rise 8760
MF - Mid Rise 8760
Hotel/Motel - Guest 8760
Hotel/Motel - Common 8760
Movie Theater 7505
Office - High Rise - VAV econ 6064
Office - High Rise - CAV econ 5697
Office - High Rise - CAV no econ 5682
Office - High Rise - FCU 6163
Office - Low Rise 6288
Office - Mid Rise 6125
Religious Building 7380
Restaurant 7809
Retail - Department Store 6890
Retail - Strip Mall 6846
Warehouse 6786
Unknown 7100
ESF = Energy Savings Factor, the ESF for notched v-belt Installation is assumed to be 2%

cooling and ventilation for each building type.
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EXAMPLE

For example, an low rise office building RTU with a 5 HP NEMA premium efficiency motor using the default hours of
operation, motor load and 89.5% motor efficiency;

AkWh = kWoeconnected® Hours * ESF
= ((HP * 0.746 kW/HP* Load Factor)/Motor Efficiency) * Hours * ESF
= ((5 HP * 0.746 kW/HP* 80%) / 89.5%) * 6288 * 2%

=419 kWh Savings

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AW = chonnected* ESF

Where:
kW connected = kW of equipment is calculated using motor efficiency.
= (HP *0.746 kW/HP* Load Factor)/Motor Efficiency
Variables as provided above
EXAMPLE

For example, an office building RTU with a 5 HP NEMA premium efficiency motor using the default motor load and
89.5% motor efficiency;

AkW = chonnected* ESF
= ((HP * 0.746 kW/HP* Load Factor)/Motor Efficiency) * ESF
= ((5 HP * 0.746 KW/HP* 80%) / 89.5%) * 2%

=0.0667 kW Savings

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M CoST ADJUSTMENT CALCULATION

N/A
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MEASURE CoDE: CI-HVC-NVBE-V02-160601
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