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DESCRIPTION 
This measure applies to the installation of high-efficiency air cooled, water source, ground water source, and ground source heat pump systems. This measure could apply to replacing an existing unit at the end of its useful life, or 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 cooled, water source, ground water source, or ground source heat pump system that exceeds the energy efficiency requirements of the 2012 or 2015 International Energy Conservation Code (IECC),  2012depending on the IECC in effect on the date of the building permit. ,.
DEFINITION OF BASELINE EQUIPMENT 
In order for this characterization to apply, the baseline equipment is assumed to be a standard-efficiency air cooled, water source, ground water source, or ground source heat pump system that meets the energy efficiency requirements of the 2012 or 2015 International Energy Conservation Code (IECC) 2012, depending on the IECC in effect on the date of the building permit.,. 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.[footnoteRef:1] [1: Measure Life Report: Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, Inc., June 2007.] 

DEEMED MEASURE COST 
For analysis purposes, the incremental capital cost for this measure is assumed as $100 per ton for air-cooled units.[footnoteRef:2] The incremental cost for all other equipment types should be determined on a site-specific basis. [2:  Based on a review of TRM incremental cost assumptions from Vermont, Wisconsin, and California.] 

LOADSHAPE
Loadshape C05 - Commercial Electric Heating and 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% [footnoteRef:3] [3:  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.] 

CFPJM 	= PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% [footnoteRef:4] [4:  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] 

Algorithm
CALCULATION OF SAVINGS 
ELECTRIC ENERGY SAVINGS 
For units with cooling capacities less than 65 kBtu/hr:
	ΔkWh	= Annual kWh Savingscool + Annual kWh Savingsheat
Annual kWh Savingscool 	= (kBtu/hrcool) * [(1/SEERbase) – (1/SEERee)] * EFLHcool
Annual kWh Savingsheat 	= (kBtu/hrcool) * [(1/HSPFbase) – (1/HSPFee)] * EFLHheat
For units with cooling capacities equal to or greater than 65 kBtu/hr:
	ΔkWh	= Annual kWh Savingscool + Annual kWh Savingsheat
Annual kWh Savingscool 	= (kBtu/hrcool) * [(1/EERbase) – (1/EERee)] * EFLHcool
Annual kWh Savingsheat 	= (kBtu/hrheat)/3.412 * [(1/COPbase) – (1/COPee)] * EFLHheat
Where:
kBtu/hrcool 	= capacity of the cooling equipment in kBtu per hour (1 ton of cooling capacity equals 12 kBtu/hr).
	= Actual installed
SEERbase	=Seasonal Energy Efficiency Ratio of the baseline equipment; see table below for values. 
	= SEER from tables below, based on the applicable IECC on the date of the building permit
SEERee		= Seasonal Energy Efficiency Ratio of the energy efficient equipment.
	= Actual installed
EFLHcool		= Equivalent Full Load Hours for cooling are provided in section 4.4 HVAC End Use.
HSPFbase	= Heating Seasonal Performance Factor of the baseline equipment
	= HSPF from tables below, based on the applicable IECC on the date of the building permit
HSPFee	= Heating Seasonal Performance Factor of the energy efficient equipment.
	= Actual installed
EFLHheat		= heating mode equivalent full load hours are provided in section 4.4 HVAC End Use.
EERbase	= Energy Efficiency Ratio of the baseline equipment
	= EER from tables below, based on the applicable IECC on the date of the building permit. For air-cooled units < 65 kBtu/hr, assume the following conversion from SEER to EER for calculation of peak savings:[footnoteRef:5]  [5:  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.] 

EER = (-0.02 * SEER2) + (1.12 * SEER)
: EER≈SEER/1.1.
EERee	= Energy Efficiency Ratio of the energy efficient equipment. For air-cooled units < 65 kBtu/hr, if the actual EERee is unknown, assume the following conversion from SEER to EER for calculation of peak savings: EER≈SEER/1.1.as provided above.
	= Actual installed
kBtu/hrheat	= capacity of the heating equipment in kBtu per hour.
	= Actual installed
3.412		= Btu per Wh.
COPbase	= coefficient of performance of the baseline equipment
	= COP from tables below, based on the applicable IECC on the date of the building permit.
COPee 		= coefficient of performance of the energy efficient equipment.
		= Actual installed
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For example a 5 ton cooling unit at a restaurant in Chicago with 60 kbtu heating,  with an efficient EER of 14, and an efficient HSPF of 9 , at a restaurant in Chicago with a building permit dated before 1/1/2016 saves:
= [(60) * [(1/13) – (1/14)] * 1134] + [(60) * [(1/7.7) – (1/9)] * 1354]
= 1650 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS 
ΔkW		= (kBtu/hrcool) * [(1/EERbase) – (1/EERee)] *CF
Where CF value is chosen between:
CFSSP  	= Summer System Peak Coincidence Factor for Commercial cooling (during system peak hour)
= 91.3% [footnoteRef:7] [7:  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.] 

CFPJM 	= PJM Summer Peak Coincidence Factor for Commercial cooling (average during peak period)
= 47.8% [footnoteRef:8] [8:  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] 

For example a 5 ton cooling unit with 60 kbtu heating,  with an efficient EER of 14, and an efficient HSPF of 9 saves:
ΔkW		= [(60) * [(1/13) – (1/14)] *.913
= 0.3

NATURAL GAS ENERGY SAVINGS
N/A
WATER IMPACT DESCRIPTIONS AND CALCULATION  
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION 
N/A
MEASURE CODE: CI-HVC-HPSY-V043-1650601
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MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

MU
HEATING SUBCATEGORY OR EFFICIENCY TesT
EQUIPMENT TYPE SIZECATEGORY | SECTIONTYPE | RATING CONDITION PROCEDURE"
Before e o
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air cooled =304
SinglePackage | 12.0 SEER | 120 SEER
Single-duct - N
high-velociy ais conied < 65.000 Bru/k An Split System | 110 SEER | 1.0 SEER,
Electric Resistance | Split Systemand | 1LOEER | ILOEER
65,000 Bruhand | (or None) Single Package | 112IEER | 120 [EER
<135.000 Buh. an Split Systemand | 108 EER | 108 EER.
other Single Package | 1L0IEER | 118 IEER
Electric Resistance | Split Systemand | 106EER | 106 EER
Air cooled 2135000 Buhand| (o None) SinglePackage | 107IEER | 116IEER |  AHRI
(cooling mode) <240.000 Buh. Al Split Systemand | 104 EER | 104 EER 340360
other Single Package | 105IEER | 114 IEER
Electric Resistance | Split Systemand | OSEER | 05 EEK
(or None) Single Package | OGIEER | 106 [EER
240,000 Bruh
Al Split Systemand | O3EER | 93EER
Single Package | OAIEER | O4IEER
<17.000 B An SG°F entering water | 122EER | 122EER
‘Water to Air: Water 217.000 Brwh and .
o )Loop sy Al SG°F entering water | 130EER | 130EER | 50 13256-1
365,000 Bwh and
S5 000 B An SG°F entering water | 130EER | 130EER
Water to Air: Ground Water
- 150 132561
P 5 135,000 Bruh An SO°F entering water | 1SOEER | 180EER
Brine to Air: Ground Loop | _
P ) 135,000 Bruh Al 77°F entering water | 141EER | 141EER | 130 13256-1
Water to Water: WaterLoop | _
b > 135,000 Bruh An SG°F entering water | 106EER | 10.6EER
‘Water to Water: Ground Water
o 3 135,000 Bruh Al SO°F entering water | 163 EER | 163EER | ISO 132562
Brine to Water: Ground Loop | _
(C 3 135,000 Bruh An 77°F entering fluid | 121EER | 121EER

(contimied)
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TABLE C403.2.3(2)—continued
MINIMUM EFFICIENCY REQUIREMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS

MM
HEATING SUBCATEGORY OR EFFICIENCY TesT
EQUIPHENT TYPE SIZECATEGORY | SECTIONTYPE | RATING CONDITION o] PROCEDURE"
a0t | anzots
Ao N — Split System | 7.7 HSPF* | 82 HSPF*
@ g"“““ ) < 65,000 B
— Single Package | 7.7 HSPF® | 8.0 HSPF'
— Split System 74 HSPF | 7.4 HSPF AHRT
‘Through-the-wall. <30.000 Bt 210240
(air cooled. heating mode) (cooling capacit
¢ )| (Cooling capaci) — Single Package | 7.4 HSPF | 74 HSPF
‘Small-duct high velocity ( N
Proiiry ) 65.000 Bru® — SplitSystem | 6.8 HSPF | 6.8 HSPF
TTE @A wh
265,000 Bruh and outdoor air 33Cop | 33COP
135,000 Bk —
(cooling capacity) ITFOISEwd )5 cop | 225 CoP
Air cooled outdoor air AHRI
(heating mode) FTE BT o 340360
32C0P | 32C0P
2 135,000 Buh _ outdoor air
(cooling capacity) 17°F d/15F wo
. 2,05 COP | 2.05 COP
Water to Air: Water Loop < 135,000 Buh -
- — 68°F entering water | 43 COP | 43 COP
(heating mode) (cooling capacity) entening
Water to Air: Ground Water | = 135,000 Buh _ -
(heatiag mode) (Cooting capaciy) 50°F entering water | 3.7COP | 3.7COP | IS0 13256-1
Brine to Air: Ground Loop | = 135,000 Bruh _
(heating mode) (Cooting capaciy) 32°F entering fluid | 32COP | 32COP
Water to Water. Water Loop | < 135.000 Bruh -
- — 68°F entering water | 3.7COP | 3.7COP
(heating mode) (cooling capacity) entening
Water to Water: Grouad Water | = 135,000 Brwh. _ -
Theatog mode) (ocling capacit) SO°F entering water | 3.1 COP | 3.1COP | ISO 132562
‘Brine to Water: Grownd Loop | _ = 135,000 Bruh _
Theating mode) (Cooting capaciy) 32°F entering fluid | 25COP | 25 COP.

For SI- 1 Briish thermal unit per hour = 0.2931 W, °C = [°F) - 22118,
. Chapter 6 contains a complete specification of the referenced test procedure, including the reference year version of the test procedure.
b. Single-phase, air-cooled air conditioners less than 65,000 Btwh are regulated by NAECA. SEER values are those set by NAECA.

. Minmum effciency as of Jamuary 1, 2015,





image1.png
RN e
o RN e ents.
eLecricaLlY GPENATED UNTARY AND APPLED HEAT PUMPS

[N ——p—— R
Spsen | s
J—
<ssomu -
{cooling mode) ‘Single Packaged 130 SEER.
" i
FUT . N S| vousem |
pry
Swgereiga | 0SER
S g
gl ot P Aoy | 5000 Bt A St System 100SEER
i e | SSyend | NOEER
Sosompuha | o) Tocrai | 121k
o0 S| TOSEER
Al ot Single Package. TLOIEER
e I
rconet | a5om o | rton Srgerciage | 070 |
ol o) <2i000 B o S em | TO1EER | 90080
Snereig | it
i R | S S
N 7
IO B i Lo e
P St Semant
Lo
i O 7 cneng v
P B e —
S [T - g wzomm
SO0 Bt
0B - S camong e | 1Z0EER | 150132501
— O 7 e | 1028
Gt | oo,
O v s | 117
- W camcngwae | 1008
S——— N
g po—
S e [Err -
v
o | <150 A.. g | 121
ot )
Susyen | 170
coned
<ssomu
eting
) ‘Single Package. 7.7 HSPF
Ssmon | aww | Am
Through-the-wall, < 30,000 B o 210240
e o e ) | g
¢ (cooing apacn) ‘Single Package. T4 HSPF
Somal 4ot hgh veocty < 65,000 Bul® ‘Splt System 6.8 HSPF

(e coned. eating moe)

(contimed)




image2.png
ABLE C403.2.3(2)—continued

NN S PN EMENTS:
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS
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