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[bookmark: _Toc343160287]Table 1 Revision History

	#
	MM/DD/YY
	Author, Company
	Summary of Changes

	1.0
	11/11/2013
	Jeremy Selwyn, CLEAResult on behalf of Nicor Gas.
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[bookmark: _Toc343160252]Measure Components Affected
Please check all that apply.
|_|	Description
|_|	Definition of Efficient Equipment
|_|	Definition of Baseline Equipment
|_|	Deemed Lifetime of Efficient Equipment
|_|	Deemed Measure Cost 
|_|	Deemed O&M Cost Adjustments
|_|	Loadshape
|_|	Coincidence Factor
|_|	Net To Gross Ratio
Algorithm
|_|	Calculation of Energy Savings 
|_|	Electric Energy Savings
|_|	Summer Coincident Peak Demand Savings
|_|	Natural Gas Savings
|_|	Water Impact Descriptions and Calculation  
|_|	Deemed O&M Cost Adjustment Calculation
|_|	MEASURE CODE


[bookmark: _Toc343160253]Algorithm and Input Components Affected 
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[bookmark: _Toc343160288]Table 2 Summary of Proposed Change
	ITEM
	ORIGINAL SPECIFICATION
	PROPOSED SPECIFICATION
	CITATION FOR PROPOSED SPECIFICATION 

	In Service Rate
	ISR = 0.8
	ISR = 0.9
	Author, Date, Document Name, Section #, Page #

	
	
	
	

	
	
	
	



[bookmark: _Toc343160261]Author (Company) and Date
Please reiterate the author and company from the title page.

[bookmark: _Toc343160262]Components of TRM Measure Characterizations
Each measure characterization uses a standardized format that includes at least the following components.  Measures that have a higher level of complexity may have additional components, but also follow the same format, flow and function.

Description
Definition of Efficient Equipment
Definition of Baseline Equipment
Deemed Lifetime of Efficient Equipment
Deemed Measure Cost 
Deemed O&M Cost Adjustments
Loadshape
Coincidence Factor
Net To Gross Ratio
Algorithm 
Calculation of Energy Savings 
Electric Energy Savings
The following example is from the residential Energy Star CFL electric energy savings algorithm.
∆kWh	= ((WattsBase - WattsEE) / 1000) * ISR * Hours * WHFe									
Where:
WattsBase	= Based on lumens of CFL bulb and program year purchased / installed:
WattsEE		= Actual wattage of CFL purchased / installed
ISR	 	= In Service Rate, the percentage of units rebated that are actually in service.
Hours 		= Average hours of use per year

PLEASE DO NOT USE MICROSOFT EQUATION EDITOR.

Summer Coincident Peak Demand Savings
Natural Gas Savings
Water Impact Descriptions and Calculation  
Deemed O&M Cost Adjustment Calculation
MEASURE CODE


[bookmark: _Toc343160263]Measure Description
This measure characterizes the building energy savings from the installation of a Programmable Thermostat in commercial space for reduced heating energy consumption through temperature set-back during unoccupied or reduced demand times. Because a literature review was not conclusive in providing a defensible source of prescriptive cooling savings from programmable thermostats, cooling savings from programmable thermostats are assumed to be zero for this version of the measure. It is not appropriate to assume a similar pattern of savings from setting a thermostat down during the heating season and up during the cooling season.[footnoteRef:1] [1: State of Illinois Energy Efficiency Technical Reference Manual, Residential Measures - Section 7.3.10 Programmable Thermostats, Effective June 1, 2012 ] 

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.

[bookmark: _Toc343160264]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. This category of equipment is broad and rapidly advancing in regards to the capability, and usability of the controls and their sophistication in setpoint adjustment and information display, but for the purposes of this characterization, eligibility is perhaps most simply defined by what it isn't: a manual only temperature control.
[bookmark: _Toc343160265]Definition of Baseline Equipment
Non-Programmable Thermostat requiring manual intervention to change temperature setpoint.
[bookmark: _Toc343160266]Deemed Lifetime of Efficient Equipment
The expected measure life is 15 years based upon the equipment life only[footnoteRef:2].  This is reduced by a persistence factor to give a final measure life of 10 years.    [2: ENERGY STAR, Programmable Thermostat Savings Calculator, February 25, 2010 http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/CalculatorProgrammableThermostat.xls?f4e2-216f ] 

[bookmark: _Toc343160267]Deemed Measure Cost 
Actual material and labor costs should be used if the implementation method allows. If unknown the capital cost for this measure is assumed to be $181[footnoteRef:3], as summarized in the table below. [3:  Nicor Rider 30 Business EER Program Database, Paid Rebates with Programmable Thermostat Installation Costs, Program to Date as of January 11, 2013.] 

	Program Year
	Rebate Quantity
	Average Installation Cost*

	PY1
	160
	$180

	PY2
	15
	$190

	Total
	175
	$181


*Only Customer Payee applications were considered for accurate listing of installation costs.

[bookmark: _Toc343160268]Deemed O&M Cost Adjustments
N/A
[bookmark: _Toc343160269]Loadshape
N/A Electric Savings not defined for this application.
[bookmark: _Toc343160270]Coincidence Factor
N/A due to no savings attributable to cooling during the summer peak period.
[bookmark: _Toc343160271]Net to Gross Ratio
A standard NTG ratio of 0.80 will be applied to this measure to align with the current measure characteristics from the Bass Utility Filing.  



[bookmark: _Toc343160272]Algorithms
[bookmark: _Toc343160273]Calculation of Energy Savings 
The proposed methodology has been created using TMY3 weather data and methodology consistent with ASHRAE standards. Base loads per building type were determined using ASHRAE 62.1 design standards.  Savings are calculated on an annual basis for each given temperature zone in Illinois.  A setback savings factor was determined for each building type using occupancy schedules in Section 4.  Given capacity of heating equipment, a resultant savings in Therms can be calculated using the formula in Section 3.4.
Below is a sample methodology from the simulation model. The sample shows the calculation for the baseline consumption at a given bin. To improve the model’s efficiency, the weather data was reduced to 288 instances or twenty-four hours for each month (24*12). The weighted average outdoor air temperature for each hour during the month was found to maintain accuracy.
	Sample Methodology

	Month
	Hour
	Days
	Weighted Avg. Temp (°F)
	Area Load
	Airflow
	DAT (°F)
	MAT (°F)
	Weekday Therms
	Weekend Therms

	2
	1
	28
	9.16
	0.50
	13,723
	95
	66.4
	147.25
	147.25






Month: Month of the year (2 = February)
Hour: Hour of day (1 = 1:00 AM)
Days: Days of the month
Weighted Avg. Temp = the weighted average temperature for each occurring hour in the given month
Area Load = Percent of full load as determined by the building load line (add footer)

)
DAT: Discharge Air Temperature
MAT: Mixed Air Temperature



	Assumptions Used

	1. Ventilation Airflow is based on ASHRAE 62.1 - 2007

	2. Balance Temperature is 60°F

	3. Design Temperature is -7°F

	4. Building Airflow is based on 1.1 CFM/Ft^2

	5. Discharge Air Temperature is 95°F

	6. Space Temperature Setpont is 70°F

	7. Heating Equipment Efficiency is 80.6%

	8. Air Density is 0.075 Lbs/Ft^3

	9. Cp is 0.24 Btu/Lb




To reduce the number of variable, building square footage was kept constant for each building type. The flowing chart displays these values:

	Approx. SqFt per Space 

	Building Type
	Square Footage

	College/University
	                150,000 

	Convenience
	                     3,000 

	Elementary
	                   75,000 

	Healthcare Clinic
	                   50,000 

	High School
	                   75,000 

	Lodging – Guest Rooms
	                   75,000 

	Lodging – Common Area
	                   75,000 

	Manufacturing – 1 shift
	                250,000 

	Manufacturing – 2 shift
	                250,000 

	Manufacturing – 3 shift
	                250,000 

	Multifamily Common Area
	                   50,000 

	Office - Low Rise
	                   25,000 

	Office - Mid Rise
	                150,000 

	Religious Facility
	                   20,000 

	Restaurant – 1 Meal
	                     5,000 

	Restaurant – 2 Meal
	                     5,000 

	Restaurant – 3 Meal
	                     5,000 

	Retail Department Store
	                   50,000 

	Retail Strip Mall
	                   15,000 

	Warehouse
	                200,000 



As seen in the sample methodology, the savings for weekends and weekdays are called out separately. In the baseline example, the schedule dictates that the building does not setback during either the weekend or the weekday and therefore the consumption shown is identical. From these assumptions the total consumption of the baseline model is found by summing consumption at each hour of each month.

For proposed models the setpoint temperature is reduced which reduces the overall change in temperature in the savings equation (DAT-MAT). The hours at which this occurs in the in the proposed model for each building type is determined by the following chart:

	Occupancy Schedules

	Building Type
	Weekday
	Weekend

	College/University
	7 A.M. - 8 P.M.
	9 A.M. - 4 P.M.

	Convenience
	5 A.M. - Midnight
	5 A.M. - Midnight

	Elementary
	6 A.M. - 5 P.M.
	Unoccupied

	Healthcare Clinic
	6 A.M. - 6 P.M.
	6 A.M. - 6 P.M.

	High School
	8 A.M. - 6 P.M.
	Unoccupied

	Lodging – Guest Rooms
	4 P.M. - 6 A.M.
	4 P.M. - 6 A.M.

	Lodging – Common Area
	6 A.M – Midnight
	6 A.M – Midnight

	Manufacturing – 1 shift
	7 A.M. – 4 P.M.
	Unoccupied

	Manufacturing – 2 shift
	6 A.M. – 11 P.M.
	7 A.M. – 4 P.M.

	Manufacturing – 3 shift
	24 hrs
	6 A.M. – 11 P.M.

	Multifamily Common Area
	8 A.M. - 9 P.M.
	8 A.M. - 9 P.M.

	Office - Low Rise
	7 A.M. - 9 P.M.
	8 A.M. - 2 P.M.

	Office - Mid Rise
	7 A.M. - 9 P.M.
	8 A.M. - 2 P.M.

	Religious Facility
	11 A.M. - 7 P.M.
	7 A.M. - 6 P.M.

	Restaurant – 1 Meal
	10 A.M. - 3 P.M.
	10 A.M. - 11 P.M.

	Restaurant – 2 Meal
	10 A.M. - 9 P.M.
	10 A.M. - 11 P.M.

	Restaurant – 3 Meal
	6 A.M. - 9 P.M.
	6 A.M. - 11 P.M.

	Retail Department Store
	8 A.M. - 9 P.M.
	9 A.M. - 6 P.M.

	Retail Strip Mall
	8 A.M. - 9 P.M.
	9 A.M. - 6 P.M.

	Warehouse
	5 A.M. - Midnight
	5 A.M. - Midnight



From these schedules and the assumptions used above, the total consumption of the proposed model is found by summing consumption at each hour of each month. Overall savings is then determined by subtracting the two modeled consumptions (Baseline-Proposed).

To create the savings factors displayed in section 3.4, each proposed building model was run at setback temperatures of 1°F, 3°F, 5°F, 7°F, and 10°F. The percent savings achieved at each of these setbacks. By setting the intercept to zero, the percent savings as a function of setback temperature was found in the slope of the line using degrees of setback at the independent variables and the percent savings as the dependent variables.

	Degrees of Setback
 (°F)
	Rockford
	Chicago
	Springfield
	Belleville
	Marion

	1
	2.0%
	2.0%
	2.0%
	2.2%
	1.9%

	3
	5.98%
	5.98%
	6.01%
	6.64%
	5.66%

	5
	10.0%
	9.9%
	10.0%
	11.1%
	9.4%

	7
	13.96%
	13.88%
	14.03%
	15.49%
	13.21%

	10
	19.94%
	19.82%
	20.04%
	22.13%
	18.87%

	Slope
(Savings Factor)
	1.99%
	1.98%
	2.00%
	2.21%
	1.89%


	

[bookmark: _Toc343160274]Electric Energy Savings
N/A - Electric Savings not calculated for this purpose.
[bookmark: _Toc343160275]Summer Coincident Peak Demand Savings
N/A
[bookmark: _Toc343160276]Natural Gas Savings

Where:
EFLH 	=     Equivalent Full Load Hours for heating[footnoteRef:4] (hr) [4: Equivalent full load hours for heating were developed using eQuest models for various building types averaged across each climate zones for Illinois for the following building types:  office, healthcare/clinic, manufacturing, lodging, high school, hospital, elementary school, religious/assembly, restaurant, retail, college and warehouse.  eQuest models were those developed for IL lighting interactive effects.] 

	Building Type
	EFLH

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

	Office - High Rise
	899
	860
	804
	699
	687

	Office - Mid Rise
	219
	218
	264
	340
	293

	Office - Low Rise
	209
	202
	260
	318
	291

	Convenience
	367
	372
	453
	524
	471

	Healthcare Clinic
	284
	310
	355
	440
	396

	Manufacturing Facility
	210
	216
	286
	315
	285

	Lodging Hotel/Motel
	221
	252
	301
	364
	309

	Multifamily
	183
	191
	241
	272
	260

	High School
	398
	418
	494
	493
	542

	Hospital
	576
	595
	707
	829
	730

	Elementary
	333
	357
	383
	434
	436

	Religious Facility
	218
	212
	264
	310
	306

	Restaurant
	266
	272
	312
	426
	310

	Retail - Strip Mall
	234
	234
	294
	355
	321

	Retail - Department Store
	223
	217
	280
	346
	297

	College/University
	69
	78
	91
	102
	79

	Warehouse
	223
	209
	274
	291
	243

	Unknown
	302
	307
	357
	403
	368



Capacity: Nominal Heating Capacity Furnace Size (Btu/hr.)
Degree of Setback: The amount of degrees in Farenheit the temperature is setback from the space temperature setpoint (°F)
 A setpoint of 68 and a setback temperature during unoccupied mode of 65 = 3 degrees of setback
Savings Factor: The amount of degrees in Farenheit the temperature is setback from the space temperature setpoint (%)
	Savings Factor (Percent Saved/°F)

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

	College/University
	1.45%
	1.47%
	1.48%
	1.72%
	1.50%

	Convenience
	0.93%
	0.86%
	0.84%
	1.00%
	0.97%

	Elementary
	2.03%
	2.10%
	2.10%
	2.23%
	2.00%

	Healthcare Clinic
	1.50%
	1.56%
	1.54%
	1.70%
	1.35%

	High School
	2.13%
	2.18%
	2.20%
	2.41%
	2.14%

	Lodging - Guest Room
	1.34%
	1.31%
	1.24%
	1.20%
	1.56%

	Lodging - Common Area
	1.11%
	1.04%
	1.02%
	1.21%
	1.20%

	Manufacturing Facility - 1 Shift
	2.62%
	2.67%
	2.71%
	2.79%
	2.56%

	Manufacturing Facility - 2 Shift
	1.57%
	1.53%
	1.53%
	1.71%
	1.52%

	Manufacturing Facility - 3 Shift
	0.37%
	0.35%
	0.35%
	0.41%
	0.37%

	Multifamily Common Area
	1.80%
	1.71%
	1.76%
	2.10%
	1.80%

	Office - Low Rise
	1.99%
	1.98%
	2.00%
	2.21%
	1.89%

	Office - Mid Rise
	1.99%
	1.98%
	2.00%
	2.21%
	1.89%

	Religious Facility
	2.01%
	2.03%
	2.07%
	2.34%
	2.11%

	Restaurant - 1 Meal
	1.92%
	1.93%
	2.01%
	2.28%
	2.15%

	Restaurant - 2 Meal
	1.52%
	1.45%
	1.51%
	1.88%
	1.80%

	Restaurant - 3 Meal
	0.99%
	0.96%
	0.94%
	1.14%
	1.02%

	Retail Department Store
	1.74%
	1.70%
	1.75%
	2.09%
	1.78%

	Retail Strip Mall
	1.74%
	1.70%
	1.75%
	2.09%
	1.78%

	Warehouse
	0.95%
	0.88%
	0.86%
	1.01%
	0.98%



	
EXAMPLE
For example, a programmable thermostat with 5°F of setback installed in Rockford on a 75,000 btu/hr furnace at a low rise office and installed by a contractor

ΔTherms	= 797 * 75,000 * 5 * 1.99% / 100,000 Btu/Therm 
= 59 Therms


[bookmark: _Toc343160277]Water Impact Descriptions and Calculation  
N/A
[bookmark: _Toc343160278]Deemed O&M Cost Adjustment Calculation
N/A

[bookmark: _Toc343160279]References






[bookmark: _Toc343160285]Stakeholder Comments
Recommend using 5 deg F setback on programmable thermostat serving 150,000 BTUh heating source.  For Nicor gas territory purposes, we suggest a weighted average of the two (2) temperatures zone within Nicor service territory (Rockford and Chicago) and most applicable building types to determined a deemed savings value.   Current incentive per unit is $50 under Business Prescriptive Rebate for Nicor C&I sector.  
Jeff Crittenden – CLEAResult, Midwest Sr. Engineering Manager 
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