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	Measure Codes
	SCE 
1. LT- 12500: Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level control in day lit zone
2. LT-12501: Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level control in non-day lit zone
 

	Measure Description
	1. Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level control in day lit zone
2. Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level control in non-daylit zone

	Base Case Description
	1. Four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with bi-level control in daylit zone
2. Four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with bi-level control in non-daylit zone

	Units
	Fixture

	Energy Savings
	Non-Day Lit Zones: 103 kWh
Day Lit Zones: 46 kWh

	Peak Demand Reduction
	Non-Day Lit Zones: 0.01377 kW
Day Lit Zones: 0 kW

	Full Measure Cost ($/unit)
	Same as IMC

	Incremental Measure Cost ($/unit)
	$89.76 per fixture

	Effective Useful Life
	Non-Daylit Zones: Need New EUL ID from EAR team 8.3 years 
Daylit Zones: ILtg-Lfluor-fix: 16 years

	Measure Installation Type
	Replace on Burnout (ROB)

	Net-to-Gross Ratio
	All-Default<=2yrsSource: 0.70

	Important Comments
	This work paper has a complementary Ex Ante Database data set that will be provided in a separate submission to the California Public Utilities Commission (CPUC).
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Section 1. General Measure & Baseline Data
[bookmark: _Toc214003083]1.1 Measure Description & Background 
This work paper details the replacement of a four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent base case fixture retrofitted with a four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) measure case fixture in both day lit and non-day lit parking garage zones. Both base case and measure case fixtures are assumed to be controlled by bi-level occupancy sensors in non-day lit zones and photocells and bi-level occupancy sensors in day lit zones as required by Title 24.

Table 1. Base, Standard, and Measure Cases
	Case
	Description of Typical Scenario

	Measure
	1. Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level occupancy sensor and photocell controls in day lit zones
2. Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level occupancy sensing control in non-day lit zones

	Existing Condition
	1. Four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with bi-level occupancy sensor and photocell controls in day lit zones
2. Four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with bi-level occupancy sensing control in non-day lit zones

	Code/Standard
	1. Four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with bi-level occupancy sensor and photocell controls in day lit zones
2. Four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with bi-level occupancy sensing control in non-day lit zones

	Industry Standard Practice
	1. High-Intensity Discharge (HID) with no bi-level occupancy sensing or daylighting controls and 
2. Linear fluorescent technologies with no bi-level occupancy sensing or daylighting controls are both widely available and commonly used. 



Table 2. Measures and Codes
	Measure Codes
	Measure Name

	SCG
	SDG&E
	SCE
	PG&E
	

	N/A
	TBD
	LT-12500
	TBD
	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level occupancy sensor and photocell controls in day lit zones


	N/A
	TBD
	LT-12501
	TBD
	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level occupancy sensing control in non-day lit zones





Eligibility requirements: 
To qualify for incentives, Interior LED Parking Garage Retrofit Kits must be:
· 4-foot in length 
· designated as UL Type C (External Driver Lamp-Style Retrofit Kits)
· One for one replacement for a linear fluorescent fixture with two T8 lamps 
· Dimming options must include 0-10 volt, digital, and phase cut
· Design Lights Consortium (DLC) approved Integrated Retrofit Kit for Parking Garages 
· DLC-listed initial light output must be ≥ 2300 lm and ≤ 6500 lm
· 5-year warranty minimum
· The LED fixture must be listed under the Primary Use Category “2-lamp External driver Lamp-style retrofit kits (UL Type C)” on the DLC’s Qualified Products List (QPL) and meet additional criteria outlined below. The LED T8 Lamp specification sheet must also list all of the compatible ballast model numbers to ensure proper operation of the measure. 
· The products on the QPL will be filtered and must meet the specs as listed below. 

Table 3. Program Requirements
	Performance Metric
	DLC Requirement
	DLC Tolerance
	Program Requirement (no tolerance)

	Luminaire Efficacy
	≥100 LPW
	-3%
	≥100 LPW

	CRI
	≥80
	-2 points
	≥80

	CCT
	≤ 5,000K
	N/A
	≤ 5,000K

	Power Factor
	≥0.9
	-3%
	≥0.9

	Total Harmonic Distortion
	≤20%
	+5%
	≤20%

	Lumen Maintenance
	L70>50,000
	N/A
	L70>50,000

	Minimum Warranty
	5 years
	N/A
	5 years



Implementation and installation requirements: 
· The measures in this work paper are eligible in all applicable Non-Residential and Residential Multifamily (8-units or more) building types with totally enclosed or open parking garages in all climate zones located within the following space types: 
· driving areas;
· entrances and exits, or 
· parking areas or parking stalls.
Other program restrictions and guidelines
· Linear LED replacement lamps and self-ballasted or screw-based lamps do not qualify
· Parking garage space types excluded from this workpaper include:
· Elevators and elevator lobbies
· Stairs and stair vestibules
· Mechanical rooms and mechanical shafts
· Electrical rooms and electrical shafts
· Storage rooms (usually for maintenance and cleaning equipment)
· Fire pump room
· Garbage and dumpster storage areas
· Unusable and/or inaccessible areas
· Top deck parking garage lighting typically requiring exterior pole lighting
· Rentable space at the street level, as for retail or hospitality functions
1.2 Technical Description
Linear LED retrofit kits are designed to replace existing fluorescent lamps and require some form of rewiring such as replacing the ballasts. Each Linear LED retrofit kit typically comes prepackaged with all the required components to complete the retrofit, making the installation easier. Linear LED retrofit kits come in two forms: either as an LED retrofit kit, such as light bar and lamp-style replacement, or as an LED troffer retrofit kit with new doorframe and lens assemblies. 

Within each Linear LED retrofit kit, the TLED lamp is a type of tubular linear LED light source specifically designed to replace tubular fluorescent lamps in existing luminaires. They are designed to fit into the existing fluorescent sockets, effectively converting the light fixture from fluorescent to LED.  There are four primary types of TLEDs:

· Type A:  A TLED designed to operate on the existing fluorescent ballast.  Although the fluorescent ballast is not necessary and actually wastes energy, the “plug and play” simplicity and avoidance of electrician cost is appealing.
· Type B: A TLED that fits into the existing fluorescent sockets, but requires them to be rewired to bypass the ballast (preferably, remove the ballast as well). 
· Type C:  A TLED that fits into existing fluorescent sockets, but requires the existing fluorescent ballast to be replaced by a dedicated LED driver. 
· Type A and B:  A TLED designed to be wired in either Type A (operates on electronic ballast) or Type B (direct AC power wire to socket).  

This workpaper measure focuses on including a four foot 2-lamp External Driver Lamp-Style Linear LED Retrofit Kit (UL Type C) fixture. Products in this category employ lamp holders to connect to the fixture being retrofitted, do not operate off the existing fluorescent ballast, and require rewiring of the existing fixture to replace the ballast with an external driver. The lamp holders are then wired to receive only the low-voltage electricity that is supplied by that external driver. 
1.3 Installation Types and Delivery Mechanisms
The Installation Type for this workpaper measure is:
•	Replace on Burnout (ROB)
The Delivery Methods for this workpaper measure are:
•	Financial Support / Direct Install
•	Financial Support / Down-Stream Incentive – Deemed

Table 4. Installation Type Descriptions
	Installation Type
	Savings
	Life

	
	1st Baseline (BL)
	2nd BL
	1st BL
	2nd BL

	Replace on Burnout (ROB)
	Above Code or Standard
	N/A
	EUL
	N/A



A delivery mechanism is a delivery method paired with an incentive method. Delivery mechanisms are used by programs to obtain program participation and energy savings.


Table 5. Delivery Method Descriptions
	Delivery Method
	Description

	Financial Support
	The program motivates customers, through financial incentives such as rebates or low interest loans, to implement energy efficient measures or projects.



Table 6. Incentive Method Descriptions
	Incentive Method
	Description

	Down-Stream Incentive
	The customer installs qualifying energy efficient equipment and submits an incentive application to the utility program. Upon application approval, the utility program pays an incentive to the customer. Such an incentive may be deemed or customized.

	Direct Install
	The program implements energy efficiency measures for qualifying customers, at no cost to the customer.



· Commercial Downstream Deemed Program requires applicants to submit manufacturer’s specification sheets detailing Linear LED retrofit kit fixture type and circling the applicable fixture type based on day lit spaces versus non-day lit spaces. Linear LED retrofit kit fixtures without this information available will not be eligible for the program. Linear LED retrofit kit fixtures will be checked during inspections aligned with current program inspection policies.

· Commercial Direct Install Program contractors have extensive knowledge of the lighting products they use for the direct install (DI) Program.  DI contractors can confirm Linear LED retrofit kit fixtures installed are compatible per manufacturer’s specifications. Documentation can be provided regarding the lamp/ballast compatibility for the various components used and encountered in their Direct Install. The sampling rate for pre-inspection is 6% and post-inspection between 10-20%.

· The Multifamily Energy Efficiency Rebate (MFEER) Program offers rebates on a wide variety of energy-saving products and services to motivate the multifamily property owners/managers to install energy efficient products in both common and dwelling areas of multifamily complexes. The MFEER program addresses the ongoing concern with “split incentives” where the residents are not the owners of the property, so they lack the motivation to improve their energy usage patterns. Similarly, the property owners do not live on-site and pay higher utility expenses due to inefficient appliances; thus, lack any motivation to make improvement upgrades. The MFEER program is designed to drive this customer segment toward participation by offering property owners a variety of energy efficiency measures and services.

· The MFEER program also offers select energy-efficient products and services at “no-cost” to customers implemented via DI.  DI measures are implemented by authorized-program contractors who perform program outreach and provide project management which includes energy audits, customer enrollment, product procurement, installation and quality assurance. 

· The MFEER program quality control ensures product eligibility by verifying qualified products lists and product specifications of the energy efficient product installed.  Pre-inspections are not performed, but data is collected. All projects that receive over $20,000 in incentives require a 100% post-inspection while all others will require 10% post-inspection. The MFEER program requires a detailed Product Location Form (PLF) for each project submitted for rebate or incentive. The PLF is an Excel spreadsheet with a tab for measures installed. Consistent with program policies and procedures, field inspections are also conducted to verify installations and accuracy of the information provided in submitted incentive applications. 

· To ensure proper operation of the measure technology, customers will be required to submit the product specification sheet to ensure that eligible Linear LED retrofit kit fixtures are installed at their location.
[bookmark: _Toc214003084]1.4 Measure Parameters
1.4.1 DEER Data
The existing DEER measures for LED luminaires are not applicable. Within DEER, there are forty DEER measures for Commercial Indoor General Lighting with Tech Types equal to LED_fixt. Thirteen of those forty references HID base case fixtures, which are not applicable here for this workpaper. 

Of the twenty-seven remaining DEER measures, all have measure wattages less than 26 Watts or more than 130 Watts. The larger wattage measures generally came from workpapers for high-bay fixtures, and the lower wattage measures generally have medium screw-base lamps as their base case. None of the DEER measures are applicable to this specific LED fixture application replacing linear fluorescent T8 fixtures in the 1’x4’, 2’x4’ fixture sizes in parking garages.

Additionally, DEER does not include parking garages as a building type. The DEER operating hours for other DEER building types do not take into account code requirements and occupancy for parking garages. The DEER operating hours are not applicable because the hours are focused on lighting for interior commercial spaces, which are typically lower in hours compared to parking garages.

[bookmark: _Toc385592671][bookmark: _Toc214003087]Table 7. DEER Difference Summary
	DEER Item
	Used for Workpaper?

	Modified DEER methodology
	No

	Scaled DEER measure
	No

	DEER Base Case
	No

	DEER Measure Case
	No

	DEER Building Types
	No

	DEER Operating Hours
	No

	DEER eQUEST Prototypes
	No

	DEER Version
	Non-DEER

	Reason for Deviation from DEER
	DEER does not contain this type of measure.

	DEER Measure IDs Used
	N/A



Net-to-Gross Ratio
The NTG values were obtained using the DEER READI tool. The relevant NTG values for the measures in this work paper are listed in Table 8.
Table 8. Net-to-Gross Table
	NTGR ID
	Description
	Sector
	BldgType
	Measure Delivery
	NTGR

	All-Default<=2yrs
	All other EEM with no evaluated NTGR; new technology in program for 2 or fewer years
	Any
	Any
	Any
	0.70

	Res-Default-HTR-di
	All other EEM with no evaluated NTGR; direct install hard-to-reach only.
	Res
	Any
	DirInstall
	0.85

	Com-Default-HTR-di
	All other EEM with no evaluated NTGR; direct install to hard-to-reach only.
	Com
	Any
	DirInstall
	0.85


Note: Direct install measures that are not hard-to-reach will use the default NTG value.

Multi-Family Energy Efficiency Rebate (MFEER) Direct Install Program
This work paper includes measures that are offered via direct install activities into hard-to-reach (HTR) customer homes.  “Final Resolution E-4700”, dated December 18, 2014, defines specific criteria to classify customer homes as HTR. The “Required Corrections to Measure Level Input Parameters Identified by Commission Staff per D.14-10-046 Order Paragraph 16”, dated November 3, 2014, includes additional clarification for the geographic criteria.  

SCE’s Multi-Family Energy Efficiency Rebate (MFEER) program addresses the ongoing concern with “split incentives”, where the residents are not the owners of the property, so they lack incentive to improve their energy usage. Similarly, the property owners do not live on-site and pay higher utility expenses due to inefficient appliances, thus lack any incentive to upgrade. The MFEER is designed to drive this customer segment toward participation by offering property owners a variety of energy efficiency measures and services.  

The MFEER program will offer and track measure installations in multifamily complexes (8 units or more) with parking garages.  Measures offered via direct install activities in multifamily complexes will receive the HTR NTG.  Other measures in the MFEER program will receive default NTG (NTGR_ID: Res-Default>2), unless otherwise specified in DEER.

Commercial Direct Install Program (including Partnership Direct Install Programs)
This work paper includes measures that are offered via direct install activities into hard-to-reach (HTR) customer facilities.  “Final Resolution E-4700”, dated December 18, 2014, defines specific criteria to classify customer facilities as HTR and also states that two criteria are sufficient to identify HTR customers if one of the criteria met is the geographic criteria.  

SCE’s Commercial Direct Install program delivers free and low cost energy efficiency hardware retrofits through installation contractors to reduce peak demand and energy savings for small and medium commercial customers.  The barriers for customer participation include limited capital resources, lack of expertise and understanding of the understanding of the benefits of energy efficiency, a suspicion of the “free offer” and its legitimacy, and language and cultural barriers.  The program also addresses the ongoing concern with “split incentives”, where the customer is not the owner of the property, and therefore, lack incentive to improve their energy usage.  

SCE’s Commercial Direct Install program will track the following three (3) customer data points to identify direct install activities in HTR customer facilities.  If geography and business size criteria are satisfied, SCE will identify the customer as HTR.  If geography and language criteria are satisfied, SCE will identify the customer as HTR.  Other measures in the Commercial Direct Install program will receive default NTG (NTGR_ID: Com-Default>2), unless otherwise specified in DEER.

· Business Size – Customer must have less than ten employees 
· Language – Customer’s primary language spoken is not English
· Geography – Businesses in areas other than the United States Office of Management and Budget (OMB) Combined Statistical Areas (CSA) of the San Francisco Bay Area,  the Greater Los Angeles Area and the Greater Sacramento Area  or the OBM metropolitan statistical areas or San Diego County. 

The “Required Corrections to Measure Level Input Parameters Identified by Commission Staff per D.14-10-046 Order Paragraph 16”, dated November 3, 2014, includes additional clarification for the geographic criteria: 

“Notes on OMB CSA designations: The OMB has designated a 12-county CSA titled the San Jose-San Francisco-Oakland, CA Combined Statistical Area which includes the nine counties of Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa Clara, Solano, and Sonoma which border the San Francisco Bay plus the three counties of San Joaquin, Santa Cruz, and San Benito that are economically tied to the nine counties that that border the San Francisco Bay.” The OMB definition of this CSA includes Los Angeles, Orange, San Bernardino, Riverside and Ventura counties. The OMB definition of this CSA includes Sacramento, Yolo, El Dorado, Placer, Sutter, Yuba, and Nevada counties.”  

Spillage Rate
Spillage rates are not tracked in work papers; they are tracked in an external document which will be supplied to the Commission Staff.

Installation Rate
The installation rate (IR) values were obtained using the DEER READI tool. The relevant IR values for the measures in this work paper are in Table 9.

Table 9. GSIA Table
	GSIA ID
	Description
	Sector
	BldgType
	ProgDelivID
	GSIAValue

	Def-GSIA
	Default GSIA values
	Any
	Any
	Any
	1



Effective and Remaining Useful Life
The effective useful life (EUL) is an estimate of the median number of years that an installed measure will remain in place and is operational. The EUL and remaining useful life (RUL) values are typically obtained using the DEER READI tool. DEER defines the RUL as 1/3 of the EUL value. The RUL value is only applicable to the first baseline period for an RET measure with an applicable code baseline. The effective useful life (EUL) and remaining useful life (RUL) values were obtained using the DEER 2016, READI v2.4.5 tool.

For linear fluorescent and linear LED fixtures, the EUL is based on taking the rated fixture life divided by the annul hours of operation. Here, the rated fixture life for the Linear LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture is 50,000 hours. The equivalent average annual hours of operation is 6,045 hours in non-day lit zones and 2,760 hours in day lit zones. 

Within DEER 2016 READI v2.4.5, the closest EUL ID applicable for this measure is ILtg-Lfluor-fix with an EUL value of 16 years. Because the EUL calculation for LED parking garage fixtures in day lit zones exceeds the DEER value for similar linear fluorescent fixtures, this workaper conservatively assumes an EUL value of 16 years for LED parking garage fixtures in day lit zones. Please refer to Section 1.5 for further details on how the EUL value for this measure was arrived at.

· EUL = (DLC-Minimum Fixture Life (hours)) / (Average Operating Hours per Year)
· EUL = (50,000 life hours) / (2,760 equivalent average annual hrs.) = 18.1 yrs. (day lit zones) 
· The DEER EUL value of 16 years will be used instead of the calculated 18.1 years for LED parking garage fixtures in day lit zones.
· EUL = (50,000 life hours) / (6,045 equivalent average annual hrs.) = 8.3 yrs. (non-day lit zones)
The relevant EUL and RUL values for the measures in this work paper are in the table below.
 
Table 10. EUL/RUL Table
	Measure Description
	EUL ID
	Description
	Sector
	UseCategory
	EUL (Years)
	RUL (Years)

	Interior LED Parking Garage External Driver Lamp-Style Retrofit Kits (UL Type C) – Day lit Zone
	ILtg-Lfluor-fix
	Linear Fluorescent – Fixtures
	Com
	Lighting
	16
	N/A

	Interior LED Parking Garage External Driver Lamp-Style Retrofit Kits (UL Type C) – Non Day lit Zone
	New EUL ID Needed 
	Linear Fluorescent – Fixtures
	Com
	Lighting
	8.3
	N/A


1.4.2 Codes and Standards Analysis 
Title 24 2013 [355], Section 141.0(b) 2I states:

Lighting System Alterations shall meet the applicable requirements in TABLE 141.0-E and the following:
1. Lighting System Alterations include alterations where an existing lighting system is modified, luminaires are replaced, or luminaires are disconnected from the circuit, removed and reinstalled, whether in the same location or installed elsewhere.
EXCEPTION 1 to Section 141.0(b) 2Iii: Alterations that qualify as a Luminaire Modification-in-
Place.
EXCEPTION 2 to Section 141.0(b) 2Iii: Portable luminaires, luminaires affixed to moveable partitions, and lighting excluded in accordance to Section 140.6(a) 3.

Luminaire Modifications-in-Place shall meet the applicable requirements in TABLE 141.0-F and the following:
1. To qualify as a Luminaire Modification-in-Place, luminaires shall only be modified by one or more of the following methods:
0. Replacing lamps and ballasts with like type or quantity in a manner that preserves the original luminaire listing.
0. Changing the number or type of light source in a luminaire including: socket renewal, removal or relocation of sockets or lamp holders, and/or related wiring internal to the luminaire including the addition of safety disconnecting devices.
0. Changing the optical system of a luminaire in part or in whole.
0. Replacement of whole luminaires one for one in which the only electrical modification involves disconnecting the existing luminaire and reconnecting the replacement luminaire.
1. Luminaire Modifications-In-Place shall include only alterations to lighting system meeting the following conditions:
1. Luminaire Modifications-in-Place shall not be part of or the result of any general remodeling or renovation of the enclosed space in which they are located.
1. Luminaire Modifications-in-Place shall not cause, be the result of, or involve any changes to the panelboard or branch circuit wiring, including line voltage switches, relays, contactors, dimmers and other control devices, providing power to the lighting system.
EXCEPTION to Section 141.0(b) 2Iiii2. Circuit modifications strictly limited to the addition of occupancy or vacancy sensors and class two lighting controls are permitted for Luminaire
Modifications-in-Place

Title 20 2015 [493] includes regulations to fluorescent lamp ballasts, replacement fluorescent lamp ballasts, and lamps.

2012 Federal Standards for General Service Fluorescent Lamps issued by Department of Energy effective July 14, 2012 contains Energy Conservation Standards that applies to various linear fluorescent lamp types [[endnoteRef:1]]. [1:  http://www.ncaee.org/modules/info/files/files_4adcd38174d01.pdf
] 


Table 11. Code Summary
	Code
	Reference
	Effective Dates

	Title 24 (2013)
	Section 141.0(b)2Iii Lighting System Alterations, 141.0(b)2Iii Luminaire Modifications-in-Place 
	July 1, 2014

	Title 20 (2015)
	2015 Appliance Efficiency Regulations
	July 1, 2015

	NEMA (2012)
	Federal standards for general service fluorescent lamps issued by DOE
	July 14, 2012

	California State Fire Marshal
CODE INTERPRETATION (14-010)
	2013 California Building Code (CBC) §1006.1, Energy Code §130.1(c)
	November 24, 2014


[bookmark: _Toc304800207][bookmark: _Toc324318343][bookmark: _Toc324340487][bookmark: _Toc383441992][bookmark: _Toc214003090]1.5 EM&V, Market Potential, and Other Studies – Base Case and Measure Case Information
Studies Supporting Average Operating Hours and Effective Useful Life
1.5.1 CPUC 2015 Workpaper Guidance – Lighting Retrofits, dated January 27, 2015.  
According to the CPUC 2015 Workpaper Guidance – Lighting Retrofits, dated January 27, 2015, the guidance document listed a parking garage lighting category called “ParkGar” which was established based on lighting workpapers submitted by California program administrators (PAs) in 2013 and 2014.  The hours of use for “ParkGar” were set at 8,760 because the ex-ante review (EAR) team “passed through” this value as proposed by California PAs. 

However, in the June 23, 2016 Commission Staff Observations for Interior Parking Garage Linear Fluorescent to LED Luminaires or Retrofit Kits document, the EAR team indicated that they had not researched or reviewed the assumptions or data sources for the value of 8,760 hours and would not require this value to be used and does not consider this value to be the best available information. 

Therefore, the EAR Team indicated in this document that CalTF should consult other data for the appropriate parking garage hours of use. Based on the EAR team’s input, further data sources were researched to support an appropriate annual operating hour estimate for this workpaper.

1.5.2 California Marshal 2014 Code Interpretation Means of Egress Illumination
On November 24, 2014, the California State Fire Marshal issued a code interpretation regarding the Title 24 Energy Code §130.1(C) requirement that all lighting including emergency lighting must shut off when the building is unoccupied using occupancy sensing, automatic time switch or building system signal. The 2014 California Marshal Code Interpretation document indicated that “The California Building Code (CBC) requirements for Means of Egress Illumination Section (§1006) supersede the California Energy Code. The requirements of CBC §1006 are applicable when applying the California Energy Code…and the means of egress illumination level shall not be less than 1 foot candle at the walking surface, where required per CBC.” 

Consequently, it is commonly interpreted by architects, engineers and contractors to avoid motion sensing lighting controls for the means of egress unless the minimum lighting levels are at least twice the necessary minimum. In such circumstances, lights can be “partially off” and still meet CBC §1006 in the “low” power mode. Side lit daylighting controls are less of a challenge because CBC §1006 does not specify that the lighting levels be provided by electric light. 

Therefore, if there are luminaires in the primary or secondary side lit zone, and the sensor is located and set properly, the minimum egress lighting levels can be met with electric or natural light. With the exception of primary and secondary side lit zones, it can reasonably be inferred that parking garage fixtures must be on 24/7 or 8,760 annual operating hours for safety reasons based on this 2014 California Marshal Code Interpretation. 

1.5.3 California Utilities Codes and Standards Team 2011 Statewide Parking Garage Lighting and Controls Codes and Standards Enhancement (CASE) Initiative Draft Measure Report 
According to the 2011 California Utilities Codes and Standards Team Statewide Parking Garage Lighting and Controls Codes and Standards Enhancement (CASE) Initiative Draft Measure Report (page 17), most parking garages are not secure facilities, and it is not possible to be certain that a vehicle or pedestrian will not enter the building. Furthermore, the Draft Report implied that because of these potential safety concerns, parking garages are mostly operated in a 24/7 (8,760 annual hours) manner with the only controls in the spaces employed in the adaptation zone near the entry. 

Based on this information, it can be reasonably inferred that the 2011 Statewide Parking Garage Lighting and Controls CASE Initiative Draft Measure Report supports the 8,760 annual hours estimate primarily because most parking garages operate 24/7 or 8,760 annual hours due to safety and security concerns.


1.5.4 Energy Solutions’ 2012 Energy Technology Assistance Program Field Study Final Report (ETAP Report)
Low and High Power Modes
The 2012 ETAP Report concentrated on metering bi-level lighting for parking lots, garages, stairwells, and walkways and monitored a total of 157 bi-level fixtures across 30 parking garages. The 2012 ETAP report (page 35) indicated that the majority of parking garage fixtures is on 24/7, and that the monitored data indicated that the average percent time these bi-level fixtures were on in low power and high power modes were 62% and 38%, respectively. Page 4 of the ETAP Report indicated that

monitoring efforts provided crucial new empirical data on the performance of bi-level, or adaptive, lighting in parking garages. The data shows that bi-level light fixtures operated at the low output level 62% of the time in parking garages, which is a significantly higher percentage than previous industry assumptions. The measured data showing more time spent in low power mode means that actual savings for bi-level lighting were higher than originally estimated, and increasing the associated utility incentives could be justified if necessary to motivate more customers to install this measure.
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Figure 1. Bi-level Fixtures Monitored in the 2012 ETAP Report
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Figure 2. Bi-level Fixtures Percent Time in Low Power in the 2012 ETAP Report


Rated Life, Equivalent Annual Operating Hours and EUL Calculation
Rated Life
Rated life for DLC-listed products varies between 50,000 hours and 500,000 hours. However, the rated life for these products is assumed to be 50,000 hours, which is the minimum DLC specification. The rated LED fixture life can be extended if fixtures are dimmed. According to the National Lighting Product Information Program (NLPIP) Lighting Research Center[endnoteRef:2],  [2:  http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/led/dimmingLampLife.asp
] 


It has been observed that when some fluorescent lighting systems are frequently dimmed, they might exhibit reduced reliability and lamp life. This is not the case for LEDs. Life and light output degradation are determined largely by the junction temperature, with higher temperatures resulting in reduced life characteristics. Since dimming, either by reducing current or by pulse width modulation, results in lower overall junction temperatures, it will have no negative impact on LED life; it might even extend life. 
Day Lit Zones Annual Operating Hours 
Based on the 2012 ETAP Report (footnote page 35), the monitoring report indicated that 7 PM – 7 AM reflects the average operating hours for a fixture with a photocell throughout the year. Based on this 12 hour usage per day, the annual operating hours for day lit zones are estimated at 12 hours/day and 365 days per year or 4,380 annual operating hours.
Non-Day Lit Zones Annual Operating Hours
Based on the 2012 ETAP Report (page 33), the bi-level fixture monitored data indicated that high power mode (100% power) on average occurred 38% of the time or 3,329 annual hours. The 2012 ETAP Report also indicated that low power mode occurred the remaining 62% of the time or 5,431 annual hours. 
Day Lit Zones with Photocells EUL Calculation 
The 2012 ETAP Report (page 35) indicated that 

while the majority of parking garage fixtures are on 24/7, some fixtures are photocell controlled and do not operate during daylight hours. There was a substantial difference in percent of time in low-power mode between day (7 AM – 7 PM) and night (7 PM – 7 AM). On average, garage fixtures were in low power mode for 47% of the day and 74% of the night. This variation has implications for night-only fixtures, because they operate in low power mode roughly 12% more than a standard 24/7 fixture (74% vs 62%). When installing photocell-controlled night-only fixtures, it is recommended that decision makers assume a higher percent time in low-power mode than they would for a 24/7 fixture. 

Thus, fixtures with photocell controls in day lit zones are estimated to be in high power mode for an estimated 1,139 hours (4,380 hours*26%) and low power mode 3,241 annual hours (4,380 hours*74%).
At 50% power during low power mode, the life of the Linear LED retrofit kit fixture in day lit zones can be extended and mathematically equate to half of 3,241 hours or 1,621 equivalent hours. Therefore, for EUL calculation purposes, the equivalent average annual hours for this LED measure in day lit zones are estimated at 2,760 annual operating hours (1,139 hours + 1,621 hours). 

This calculation was based on the bi-level monitored data showing that LED parking garage fixtures in day lit zones operated in high power mode for 1,139 annual hours and at low power mode for 1,621 equivalent annual hours for a total of 2,760 equivalent average annual operating hours. 

EUL = (DLC-Minimum Fixture Life (hours)) / (Average Operating Hours per Year)
	EUL = (50,000 life hours) / (1,139 high power mode hrs. + 1,621 low power mode hrs.) 
	EUL = (50,000 life hours) / (2,760 equivalent average annual hrs.) = 18.1 yrs.

Within the DEER 2016, READI v2.4.5 tool, the closest EUL ID applicable for this measure is the ILtg-Lfluor-fix EUD ID with an EUL value of 16 years. Because the EUL calculation for Linear LED retrofit kit fixtures in day lit zones exceeds the DEER value for similar linear fluorescent fixtures, this workpaper conservatively assumes an EUL value of 16 years for Linear LED retrofit kit parking garage fixtures in day lit zones.
Non-Day Lit Zones with No Photocells EUL Calculation
At 50% power during low power mode, the life of the Linear LED retrofit kit fixture can be extended and mathematically equate to half of 5,431 hours or 2,716 hours. Therefore, for EUL calculation purposes, the equivalent average annual hours for this measure are estimated at 6,045 annual operating hours as shown below.

This calculation was based on the bi-level monitored data showing that LED parking garage fixtures in non-day lit zones operated in high power mode 3,329 annual hours and at low power mode for 2,715 equivalent annual hours for a total of 6,045 equivalent average annual operating hours. 

EUL = (DLC-Minimum Fixture Life (hours)) / (Average Operating Hours per Year)
	EUL = (50,000 life hours) / (3,329 high power mode hrs. + 2,716 low power mode hrs.) 
	EUL = (50,000 life hours) / (6,045 equivalent average annual hrs.) = 8.3 yrs.
Studies Supporting Baseline Assumptions and Industry Standard Practice
1.5.5 DOE’s July 2015 Adoption of Light-Emitting Diodes in Common Lighting Applications
The DOE’s July 2015 Adoption of Light-Emitting Diodes in Common Lighting Applications study indicated that while HID lamps are used for lighting parking garage structures, the low-mounting heights of lighting fixtures require a large number of fixtures in order to meet desired illumination distributions. These conditions favor linear fluorescent fixtures, although metal halide and HPS are also prominent in this market.

Although this wp focuses on using the ROB measure application, the DOE’s July 2015 Adoption of Light-Emitting Diodes in Common Lighting Applications study supports the notion that the wp could be an early retirement (ER) measure application type because of desired illumination distributions.

1.5.6 California Utilities Codes and Standards Team 2011 Statewide Parking Garage Lighting and Controls Codes and Standards Enhancement (CASE) Initiative Draft Measure Report
According to the 2011 California Utilities Codes and Standards Team Statewide Parking Garage Lighting and Controls Codes and Standards Enhancement (CASE) Initiative Draft Measure Report (page 23), linear fluorescent appears to be the most prevalent light source technology employed in the State, especially in the warmer environments and because linear fluorescent is a very common and low-cost method of illuminating parking garages.

Additionally, the report indicated (page 69) that in colder climates, fluorescent lighting has posed an issue to due limited start-up capabilities at cold ambient temperatures. The report (page 94) further states that in low ambient temperature conditions, fluorescent dimming can be limited at the low end, and lamps may not be able to start when subject to extremely cold temperatures. Most fluorescent dimming ballasts are designed for interior spaces, and thus have high minimum case temperatures which are difficult to achieve in exterior luminaires such as those found in parking garages. 

Based on this information, it can be reasonably inferred that lower wattage Linear Fluorescent fixtures using 25W or 28W are not recommended from a lighting design standpoint because these lamps may not be able to start when subjected to extremely cold temperatures. Given that most parking garages are open because of cost considerations and ventilation requirements, 25W and 28W lamps would likely be exposed to cold temperatures posing safety risks because the lamps may not start up. Therefore, a base case assumption using lower wattage Linear Fluorescent lamps is unlikely due to safety risk associated with lamps being exposed to colder temperatures.

1.5.7 Energy Solutions’ 2012 Energy Technology Assistance Program Field Study Final Report (ETAP Report)
The 2012 ETAP Report (Page 31) indicated that extra efficient fluorescent T8 fixtures were one of the most common technologies installed in ETAP parking garage projects. This gave ETAP Technical staff considerable exposure to projects that used T8 products for exterior bi-level applications. One key lesson learned regarding the technology indicated that some lamps and ballasts are not well-suited to lower temperatures common at parking facilities. Site temperatures and recommended operating temperature of the equipment should be reviewed carefully. In several instances, ETAP Project Leads reviewed proposals, which did not consider the recommended operating temperature of the equipment. This could lead to premature failures if left uncorrected.

Based on the 2012 ETAP Report, it can be reasonably inferred that the report findings further corroborates that Linear Fluorescent fixtures using lower wattage lamps (25W and 28W) are not well suited because these fixtures could lead to premature failures. 

1.5.8 Benya Burnett Consultancy Parking Garage Lighting Background and Basis of Recommendations
Baseline Fixtures
The 2016 Benya Burnett Consultancy Energy Workpaper Parking Garage Lighting Background and Basis of Recommendations document (page 4) indicated that nationally, high pressure sodium (HPS) lighting was probably the most common due to its wide temperature tolerance and high efficacy, but a white light was preferred to create an improved sense of safety and security. The Benya Burnett Consultancy document further references a Parking Structure Design Guidelines report prepared for the City of Lincoln, Nebraska. On page 34 of the Parking Structure Design Guidelines document, Benya Burnett Consultancy references that “metal halide lighting was the common choice for those garages for which white light as preferred, as it is close to HPS in efficiency.”
Regional Fixture Baselines Choices
The document further states that fluorescent lamp systems are less expensive and easier to accommodate alternative emergency power sources. But fluorescent systems are temperature sensitive, more likely to be used in low-lying coastal and inland areas and less likely in foothills and mountain regions in Southern California and many portions of Northern California. 
Because of temperature sensitivity, 25- and 28-watt fluorescent replacement lamps are ill-advised as starting may not occur with temperatures below 60 degrees Fahrenheit. In Southern California, the limited temperature extremes historically made fluorescent lighting the favored choice, as it was essentially as efficacious as HPS, offered very long lamp life, and was more economical. It also offered immediate starting, allowing for much more economical emergency lighting. 
Among HID luminaires, HPS lamps are preferred over metal halide due to longer life and greater energy efficiency.  Metal halide lamps are preferred for color rendering of cars and for improved perception of security. HID luminaires of both types make emergency lighting expensive and problematic, but with the ability to start at -20F and below, HID are common where low temperatures are often present.
All system types generally meet Title 24 without difficulty. Fluorescent systems are generally the most efficient, metal halide the least. 

In most parking garages not yet converted to LED lighting, the existing lighting is most likely one of the following:
· Two lamp fluorescent strip lights, typically end-to-end 8’ units, bare lamp or with antenna guard, 2-F32T8 lamps and instant start 1st generation .88 BF ballast (59-60 watts)
· Two lamp vapor tight wraparound fluorescent luminaires, 4’units, 2-F32T8 lamps and instant start 1st generation .88 BF ballast (59-60 watts).  Program start and rapid start ballasts (including all dimming ballasts) can introduce temperature performance problems below 60F, essentially making instant start technology necessary.
· One lamp high pressure sodium parking garage luminaire 70 to 150 watts, magnetic ballast
· One lamp metal halide parking garage luminaire 70-175 watts, pulse start magnetic ballast
The Benya Burnett Consultancy document indicated that there are two commonly used fluorescent luminaires in garages in Southern California:
[image: http://www.acuitybrandslighting.com/library/ll/images/family/1226_large.jpg][image: http://www.acuitybrandslighting.com/library/ll/images/family/1081_med.jpg]Type 1: Strip fluorescent luminaires, 4’ single lamp installed in 8’ long “tandem” configuration, sharing a single 2-lamp ballast. Because the working life of a fluorescent lighting system is 20 years+ (ballast and luminaire) and 5 years+ (lamp) the most likely combination in service employs T-8 first generation instant start technology, drawing 59 watts to drive two standard lamps at a ballast factor of 88%.  Lamps are most likely F32T87xx lamps with 2,725 initial lumens.
	
Type 2: Vapor tight wraparound T8 fluorescent luminaires, with (2) 4’ lamps sharing a single 2-lamp ballast.  Ordinary wraparounds will collect too much dirt as assumed to use same technology as above.

[image: ]
Figure 3. Lighting plan and floor plan of AC Hotel with open garage on 75% of the enclosing walls.
The Benya Burnett Consultancy document used the floor plan of an AC Hotel project because it was deemed a representative model of a conventional floor plan. It is a variation on the single threaded helix in which the parking areas are flat and the risers are on the ends (left and right). 

A downtown infill project with inadequate site for ground parking, the hotel’s lobby is on the first floor, the garage constituting floors 2-5, and the guest floors are above the garage. The entrance and exit ramps are on the first floor, leading directly to the actual garage on the second floor and above. Each floor constitutes about 20,825 sf. For standardizing the parking garage model, Benya Burnett Consultancy allocated the ramp among the parking floors, increasing the average floor model to 22,325 sf.  The average area per parking stall is 485 sf.  This garage is particularly inefficient, largely due to its small floor plate size.

The Benya Burnett Consultancy document then created a more general model assuming a 100,000 sf floor plate.  They believed this would be representative of more typical garages and would permit the square-feet-per-stall areas values listed in Table 12.  As the garage gets larger, the percentage of parking area increases and the percentage of drive aisles decreases thus decreases the gross sf per stall. The two variations are summarized in Table 12.

Table 12. Approximate Space Types and Areas for Parking Garages
	
	Small Garage
	Big Garage

	Space
	Area SF
	%
	Area SF
	%

	Gross Floor Plate
	20,825
	93.28%
	96,000
	96.0%

	Pro rata entrance and exit
	1,500
	6.72%
	4,000
	4.0%

	Total Gross Area
	22,325
	100.00%
	100,000
	100.0%

	Stairs HVAC elevators
	1,180
	5.29%
	5,000
	5.0%

	Park
	7,420
	33.24%
	45,000
	45.0%

	Entrance Exit
	1,500
	6.72%
	4,000
	4.0%

	Drive aisle and ramps
	12,225
	54.76%
	47,500
	47.5%

	Day lit zone
	2,955
	13.24%
	10,896
	10.9%

	Stall area
	162
	n/a
	162
	n/a

	Stalls/floor
	46
	n/a
	280
	n/a

	SF/stall
	485
	n/a
	357
	n/a




For the purposes of lighting analysis, the Benya Burnett Consultancy document assumed a user comfort factor 4 (9’ wide stall) with 90 degree parking. The AC Hotel garage design used these same values. The document indicated that compact car stalls and accessible parking stalls are not specifically addressed. However, based on their lighting design experience with parking garages, on the average, compact car stalls and accessible parking stalls are typically worked into the design using compact stalls (which are narrower) to offset accessible stalls (which are wider).
Alternative Designs
All of the following designs were analyzed for a nominal 90 foot long by 62 foot wide parking garage with an 8’ flat ceiling, clean natural concrete ceiling, floors and walls, 70% lumen maintenance factor. Note that the lighting power density is for the parking and aisle areas only.  

The overall power density of the entire garage floor is larger due to the need for higher light levels around elevator and lobby cores and circulation areas. Title 24-2016 Area Category Method allows 0.14 w/sf lighting power density (LPD) for the garage floor, not including transition zones, stairs or enclosed spaces such as mechanical rooms. The whole building LPD is 0.20 w/sf. This approach is adequate for most garages and requires fewer code compliance documents.
Also note:  these designs assume a flat ceiling. Beams can seriously reduce lighting levels and/or create dark spots, and will cause higher lighting power use. 

For this reason alone, the Title 24 allowance of .14 w/sf is necessary. The following designs illustrate different methods of complying with IES RP-20-14 and building energy efficiency standards using fluorescent lighting. Designs 1a and 1b cannot use motion sensors per the energy code, and are not required to use daylight sensors.
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Figure 4. Design 1a – Lowest cost and power with strip lights
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Figure 5. Design 1b – Lowest cost and power with vaportight lights


Designs 2a and 2b may use motion sensors and/or daylight sensors for the luminaires over the parking stalls but not over the drive aisles.
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Figure 6. Design 2a – 50% cost increase over Design 1a using strip lights but permits lighting controls for 2/3 of the luminaires
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Figure 7. Design 2b – 50% cost increase over Design 1b using vapor tight lights but permits lighting controls for 2/3 of the luminaires
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Figure 8. Design 3– Design 1 with LED Vapor tights
Other Design Considerations
It is important to avoid drawing conclusions from these model calculations. In reality, any number of factors could increase or decrease the actual lighting power needed to meet IES RP-20-14 and the CBC.  Also, the lighting needed for other parts of the parking garage generally serve to increase the lighting power density significantly. The Benya Burnett Consultancy document also examined the impact of painting the ceiling white as compared to raw concrete. It appears to create 20-21% increased light levels and therefore, potential energy savings. 

[image: C:\Users\Benya\Documents\Projects\Santa Monica\Santa Monica\102_5748.JPG]
Figure 9. Parking Garage with New Coat of White Paint on Ceilings and Walls. 

Daylighting
Garages can be totally enclosed, but open garages are more common because they are less costly, employ natural ventilation and reducing the cost of enclosing walls. For this reason, most garages are open on at least a part of two sides to enable cross ventilation. Often the end walls are at least partly enclosed in order to fit into a block or streetscape next to neighboring structures, although in very open areas they are often open on most sides.  

Daylighting can be useful in parking garages, but it important to remember that direct sunlight is often not available and it is certainly not constant. Title 24-2016 has a very explicit section, §130.1(d) 3, describing specific daylighting controls for lights in the primary or secondary day lit zone. It is common for the head height of the aperture to be between 6’ and 8’, resulting in a primary side lit zone extending about 6’ to 8’ into the structure and a secondary side lit zone about 14’ to 18’ into the structure. There are seldom any luminaires in either zone, but automatic daylighting controls may still be beneficial.
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Figure 10.  Garage with opening head height is 7’6” and the primary side lit zone consists of parking stalls. The lighting system is not in the primary side lit zone but daylighting controls were employed.
Correlated Color Temperature (CCT)
The American Medical Association released an article[endnoteRef:3] claiming that  [3:  http://www.ama-assn.org/ama/pub/news/news/2016/2016-06-14-community-guidance-street-lighting.page] 

High-intensity LED lighting designs emit a large amount of blue light that appears white to the naked eye and create worse nighttime glare than conventional lighting. Discomfort and disability from intense, blue-rich LED lighting can decrease visual acuity and safety, resulting in concerns and creating a road hazard.
In addition to its impact on drivers, blue-rich LED streetlights operate at a wavelength that most adversely suppresses melatonin during night. It is estimated that white LED lamps have five times greater impact on circadian sleep rhythms than conventional street lamps. Recent large surveys found that brighter residential nighttime lighting is associated with reduced sleep times, dissatisfaction with sleep quality, excessive sleepiness, impaired daytime functioning and obesity.

The AMA article clearly focuses on street lighting applications. Further studies need to be done before any conclusions can be drawn. However, the wp is mindful of these evolving issues and addresses this potential concern in section 1.1 under the eligibility requirements. Section 1.1 indicates that Linear LED retrofit kit fixtures must have < 5,000K to be eligible for incentives. Based on the DLC filtered list for Linear LED External Driver Lamp-Style Retrofit Kits (UL Type C), the CCT for qualified products in this product category range from 3,089K and 4,950K with an average CCT of 2,620K. 

1.5.9 Southern California Edison (SCE) 2013-2015 Custom Project Files 
SCE’s custom project files were reviewed to assess baseline conditions based on pre-installation inspections verifying base case fixtures for customers who pursued an incentive. The five highest energy savings impact custom projects that used SCE’s Solution Code LT-47463 (Interior Parking Garage) were sampled. As shown in the subsequent figures, three of the five custom projects had 2-lamp or 4-lamp F32T8 Linear Fluorescent Fixtures as the base case. The other two projects consisted of 219W (connected load) high pressure sodium fixtures or 215W (connected load) pulse-start metal halide fixtures. None of the five custom projects sampled had baselines that had LED or lower wattage (28W or 25W) T8 Linear Fluorescent Fixtures as the base case.
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Figure 11. SCE Custom Project 500552314 (360) 2-lamp T8 32W Base Case Fixtures 
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Figure 12. SCE Custom Project 500591777 (902) 4-lamp T8 32W Base Case
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Figure 13. SCE Custom Project 500413678 (960) 219W HPS Base Case
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Figure 14. SCE Custom Project 500358294 (3,251) 32W T-83 Base Case Fixtures
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Figure 15. SCE Custom Project 500244613 (296) 175W PSMH Base Case Fixtures

1.6 Data Quality and Future Data Needs
1.6.1 Commission Staff Observations for Interior Parking Garage Linear Fluorescent to LED Luminaires or Retrofit Kits – July 13, 2016 Email
Although this workpaper focuses only on replace on burnout (ROB) applications, early retirement (ER) would be a realistic application because the studies referenced in this workpaper evidence that the baseline mixture primarily consist of 1st generation F32T8 fluorescent fixtures and HID fixtures. 

However, in an email from the EAR team to CalTF staff on July 13, 2016, an EAR team representative indicated that the EAR team observes the standard practice is changing extremely rapidly on this technology. The EAR team representative indicated that when determining industry standard practice, to consider limiting the time frame to the last ~1 year (summer of 2015 to present day) due to the uncertainty of whether a project designed or retrofit today would normally install T8s or LEDs.  
Therefore, to help substantiate the energy savings for an early retirement option, baseline data can be collected during program implementation as a future data collection effort.

1.6.1 DOE’s July 2015 Adoption of Light-Emitting Diodes in Common Lighting Applications
Although the study does not fall in the ideal time frame between the summer of 2015 to present day, the DOE’s July 2015 Adoption of Light-Emitting Diodes in Common Lighting Applications study is the closet data point to this desired time frame and found that there were 37 million parking garage installations in the U.S. of which 1.8 million were LED installations. Based on this 2014 study, LED parking garage installations represented less than 5% of all parking garage installations. 

The study estimated that if all 37 million installations were to switch to LEDs overnight, it would save 14 TWh of site electricity nationwide (Table 3.9 from the DOE’s Study).[endnoteRef:4]  This would correspond to 1.68 TWh statewide and 1.26 TWh in IOU service territories. At 5% fixture stock turnover annually, this market could generate savings of 63 GWh. [4: 
 Adoption of Light-Emitting Diodes in Common Lighting Applications, U.S.DOE 2015 Report. Accessed at http://energy.gov/sites/prod/files/2015/07/f24/led-adoption-report_2015.pdf, page 39] 
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Figure 16. DOE’s Adoption of Light-Emitting Diodes in Common Lighting Applications Study LED Parking Garage Energy Savings Summary

Because the 2013 Title 24 Code became effective on July 1, 2014, the summer of 2015 was the beginning of the turning point for new construction in parking garages. Based on the DOE’s July 2015 Adoption of Light-Emitting Diodes in Common Lighting Applications study, LED parking garage installations represented less than 5% of all parking garage installations. 
However, it was not clear on whether these LED installations were a part of new construction parking garage projects or in existing parking garages. The major energy savings opportunities are found in existing parking garages where the cost effectiveness of LED fixtures instead of fluorescent have yet to be determined. Consequently, the CalTF recommended collecting baseline data during program implementation to support a future early retirement (ER) application type for consideration in a future workpaper update to address current industry standard practice and because of the higher energy savings opportunity. 
Section 2. Calculation Methodology
Base Case
Based on the studies referenced in Section 1.5 of this workpaper, the two commonly used fluorescent luminaires in garages are: 
1. strip fluorescent luminaires (two 4’ single lamp installed in 8’ long tandem sharing one ballast) and   
2. vapor tight wraparound T8 fluorescent luminaires (two 4’ lamps installed side by side within the fixture housing sharing a single ballast). 

Base Case wattages were taken from the IOU Table of Standard Fixture Wattages. As shown in Figure 17, the connected load for a four foot 2-lamp 2nd generation F32T8 NLO fixture consumes 0.059 kW. Because of code, base case fixtures are assumed to be controlled with bi-level occupancy sensing controls for non-day lit zones and bi-level occupancy sensing and photocell controls for day lit zones. As described in Section 1.5 of this workaper, bi-level occupancy sensing controls would put existing fixtures in low power mode when the parking garage is unoccupied.
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Figure 17. IOU Table of Standard Fixture Wattages

Based on 2012 ETAP Report, this workpaper estimates that existing fixtures located in non-day lit zones are in low power mode 62% of the time. Low power mode is estimated to be 50% of full power. The fixture is in high power mode for 38% at full power. Equation 1 exhibits the calculation for estimating annual baseline energy consumption for a fixture located in a non-day lit zone. 

 [(0.059 kW*0.5*8760*0.62) + (0.059 kW*1.0*8760*0.38)] = 357 kWh
Equation 1. Baseline kWh for a four foot 2-lamp 2nd generation F32T8 NLO fixture in non-day lit zones

As indicated in the 2012 ETAP Report, this workpaper estimates that existing fixtures located in day lit zones are in low power mode 74% of the time. Low power mode is estimated to be 50% of full power. The fixture is in high power mode for 26% at full power. Equation 2 exhibits the calculation for estimating annual baseline energy consumption for a fixture located in a day lit zone.

[(0.059 kW*0.5*4380*0.74) + (0.059 kW*1.0*4380*0.26)] = 160 kWh
Equation 2. Baseline kWh for a four foot 2-lamp 2nd generation F32T8 NLO fixture in day lit zones
Measure Case
The Northeast Energy Efficiency Partnership (NEEP) is a multi-state consortium of agencies and utilities that turned to its Design Lights Consortium (DLC). DLC created a Qualified Products List (QPL), which is an up-to-date non-commercial listing service that confirms LED lighting products have performance data tested by accredited laboratories. Qualified products are listed on the QPL database. Being listed in the database is generally used throughout the USA as a minimum criterion to qualify for incentive programs.  DLC frequently reports manufacturer misrepresentations and maintains firm control over the use of its logo and claims of QPL listing.

To ensure that the Linear LED retrofit kit fixtures provides equal performance to the fluorescent lighting being replaced, External Driver Lamp-Style Retrofit Kits (UL Type C) filtered from the DLC’s QPL must provide at least 2,300 lumens (2-lamp configuration). From this filtered list, the External Driver Lamp-Style Retrofit Kits (UL Type C) are about 20% more efficacious than Type A TLED’s or the most efficacious high performance fluorescent lamps and ballasts and are likely to save considerable energy in most applications. As shown in Table 13, the average LED lamp generates 2,620 lumens and consumes 20.8 watts. The driver loss is included in the system rating. Since there are no standards for TLEDs, Table 13 provides a provisional reference table to aid in policy decisions. 

Table 13. Filtered DLC QPL External Driver Lamp-Style Retrofit Kits (UL Type C)
	Lamp Manufacturers 
	CCT
	CRI
	Lumens
	Watts

	Teslights
	4952K
	84
	3093
	21.3

	LTF
	3959K
	81
	2493
	18.3

	Ecolight
	3943K
	84
	2505
	18.2

	Benwei
	3089K
	82
	2325
	18.6

	Green Bay
	3990K
	81
	2951
	22

	Aura Light
	3987K
	84
	2382
	18.2

	James
	3941K
	81
	2759
	18.1

	BTS
	4118K
	84
	2451
	24.2

	Topbrand
	4082K
	83
	2676
	20.7

	Linmore
	3389K
	83
	2801
	22.4

	ATG
	3995K
	83
	2322
	23.2

	GE
	3485K
	84
	2758
	20.6

	Espen
	3399K
	86
	2549
	24.2

	
Average

	2620
	20.8



Similar to the baseline energy savings calculation estimates, based on 2012 ETAP Report, this workpaper estimates that new Linear LED External Driver Lamp-Style Retrofit Kits (UL Type C) located in non-day lit zones are in low power mode 62% of the time. Low power mode is estimated to be 50% of full power. The fixture is in high power mode for 38% at full power. Equation 3 exhibits the calculation for estimating annual measure case energy consumption for a fixture located in a non-day lit zone. 

 [(0.042 kW*0.5*8760*0.62) + (0.042 kW*1.0*8760*0.38)] = 254 kWh
Equation 3. Measure Case kWh for a four foot 2-lamp 2nd generation F32T8 NLO fixture in non-day lit zones

As indicated in the 2012 ETAP Report, this workpaper estimates that new Linear LED External Driver Lamp-Style Retrofit Kits (UL Type C) fixtures located in day lit zones are in low power mode 74% of the time. Low power mode is estimated to be 50% of full power. The fixture is in high power mode for 26% at full power. Equation 4 exhibits the calculation for estimating annual measure case energy consumption for a fixture located in a day lit zone.

[(0.042 kW*0.5*4380*0.74) + (0.042 kW*1.0*4380*0.26)] = 114 kWh
Equation 4. Measure Case kWh for a four foot 2-lamp 2nd generation F32T8 NLO fixture in day lit zones

Based on the analysis above, the energy savings are shown in Table 14.

Table 14. Energy Savings Table
	Technology
	Average Watts

	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level occupancy sensing control in non-day lit zones
	357 kWh – 254 kWh = 103 kWh

	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level occupancy sensing and photocell controls in day lit zones
	160 kWh – 114 kWh = 46 kWh





Peak Demand Reduction
The Peak Demand Reduction calculation is based on taking the difference between the existing four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with the new four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture as shown in Table 15. 

Table 15. Measure and Base Wattage
	Technology
	Average Watts

	Four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with bi-level control in non-day li zone
	59

	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixture with bi-level control in non-day lit zone
	42


Demand reduction estimates must consider the DEER peak demand period, which is 2:00 PM to 5:00 PM during specific weekday periods and varies by climate zone:

Table 16. DEER Peak Periods by Climate Zone
	Climate Zone
	3-Weekday Period

	1
	Sep 16 – Sep 18

	2
	July 8 – July 10

	3
	July 8 – July 10

	4
	Sep 1 – Sep 3

	5
	Sep 8 – Sep 10

	6
	Sep 1 – Sep 3

	7
	Sep 1 – Sep 3

	8
	Sep 1 – Sep 3

	9
	Sep 1 – Sep 3

	10
	Sep 1 – Sep 3

	11
	July 8 – July 10

	12
	July 8 – July 10

	13
	July 8 – July 10

	14
	Aug 26 – Aug 28

	15
	Aug 25 – Aug 27

	16
	July 8 – July 10
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Based on the 2012 ETAP report (page 33), the report indicated that 

“during peak hours (Mon-Fri, 2-5pm), bi-level fixtures in garages were in low-power mode an average of 38% of the time. For 70% of monitored garages, the average time that sampled fixtures were in low-power mode was above 50%. The maximum that any garage's sampled fixtures spent in low power mode was 87%, while the minimum was 25%.”

Based on this information the peak demand reduction for non-day lit zones was calculated as follows: 


Peak Demand Reduction:
Peak Demand Reduction [kW] = (∆kW) x (Lighting Coincident Demand Factor) x (Power Mode)

[(0.059 kW- 0.042 kW) (0.38) (0.5)] + [(0.059 kW- 0.042 kW) (0.62) (1)] = 0.01377 kW
Equation 5. Peak Demand Reduction in non-day lit zones

Based on the 2012 ETAP Report (page 35), the report indicated while the majority of parking garage fixtures are on 24/7, some fixtures are photocell controlled and do not operate during daylight hours. Therefore, it is assumed that fixtures with bi-level controls in day lit zones only operated between the hours of 7PM and 7AM and with zero peak demand reduction savings.
Section 3. Load Shapes
The ideal load shape net benefits estimates would represent the difference between the base case and measure case. The closest load shapes that are applicable to the measures in this work paper are listed in the table below.

The ideal load shape for net benefits estimates would represent the difference between the base case and measure case. The closest load shapes that are applicable to the measures in this work paper are listed in the table below.

Table 17. Building Types and Load Shapes
	Building Type
	Load Shape
	E3 Alternate Building Type

	Education - Community College
	DEER:Indoor_Non-CFL_Ltg
	NON_RES

	Education - University
	DEER:Indoor_Non-CFL_Ltg
	NON_RES

	Health/Medical - Hospital
	DEER:Indoor_Non-CFL_Ltg
	NON_RES

	Lodging - Hotel
	DEER:Indoor_Non-CFL_Ltg
	NON_RES

	Manufacturing - Bio/Tech
	DEER:Indoor_Non-CFL_Ltg
	NON_RES

	Manufacturing - Light Industrial
	DEER:Indoor_Non-CFL_Ltg
	NON_RES

	Office - Large
	DEER:Indoor_Non-CFL_Ltg
	NON_RES

	Retail - Multistory Large
	DEER:Indoor_Non-CFL_Ltg
	NON_RES

	Residential Multi-family
	DEER:Indoor_Non-CFL_Ltg
	NON_RES


Section 4. Costs
This wp consulted two readily available sources to document base case, measure case and incremental measure costs including: 

1. 2010-2012 Work Order 17 Ex-Ante Measure Cost Study Final Report, and 
2. Applicable IOU lighting workpapers.
4.1 Base Case Costs
2010-2012 WORK ORDER 17 EX-ANTE MEASURE COST STUDY FINAL REPORT
The 2010-2012 Work Order 17 (WO17) Ex-Ante Measure Cost Study Final Report was first consulted to see if updated base case costs were provided for:
1. A four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with bi-level occupancy sensing and photocell controls in day lit zones, or
2. A four foot 2-lamp 2nd generation normal light output (NLO) F32T8 Linear Fluorescent fixture with bi-level occupancy sensing control in non-day lit zones.
As described in section 1.5.8, existing T8 parking garage fixtures are typically configured as a strip fluorescent luminaires (two 4’ single lamp installed in 8’ long tandem sharing one ballast) or a vapor tight wraparound T8 fluorescent luminaires (two 4’ lamps installed side by side within the fixture housing sharing a single ballast) without bi-level occupancy sensing or photocell controls. W017 does provide baseline fixture costs for T8, 48 inch, 2-lamp 32 watt, instant start ballast, surface mounted wrap (lamps not included) without controls, which one of the configurations as described above. 
However, a Type C LED External Driver Lamp Style Retrofit Kit triggers code under the Luminaire Modification in Place definition because it requires existing fluorescent ballasts to be replaced by a dedicated LED driver. Therefore, the base case costs was estimated using WO17 baseline fixture costs for a T8, 48 inch, 2-lamp 32 watt, instant start ballast, surface mounted wrap (lamps not included) and adding the costs for lamps and sensors as shown in Table 18. It is assumed the labor cost of replacing the measure case fixture would be the same as the base case fixture. The base case and measure case costs include just material equipment costs. The base case costs for F32T8 lamps were taken from online retailer websites and confirmed with manufacturer representatives where possible. 

[bookmark: _Toc438457214]Table 18 – F32T8 Linear Fluorescent Fixture Material Equipment Cost
	Measure Description
	Base Case Equipment Cost
	Cost Source

	F32T8 Linear Fluorescent Fixture Material Costs in 
Day Lit Zone
	T8, 48 inch, 2-lamp 32 watt, instant start ballast, surface mounted wrap (lamps not included)
	$56.87
	WO17

	
	(2) F32T8 Lamps
	$12.00
	Online Retailers

	
	Occupancy Sensor Pack-1000 SF assume ceiling mounted
	$138.20
	WO17

	
	Day Lighting Control Side Lighting, 2-step control
	$115.39
	WO17

	
	Total
	$322.46

	[bookmark: _Toc438457191]F32T8 Linear Fluorescent Fixture Material Costs in 
Non Day Lit Zone
	T8, 48 inch, 2-lamp 32 watt, instant start ballast, surface mounted wrap (lamps not included)
	 $56.87 
	WO17

	
	(2) F32T8 Lamps
	$12.00
	Online Retailer

	
	Occupancy Sensor Pack-1000 SF assume ceiling mounted
	$138.20
	WO17

	
	Total
	$207.07


4.2 Measure Costs
DEER 2016 does not have cost data for LED External Driver Lamp-Style Retrofit Kit (UL Type C) fixtures. The measure equipment costs were averaged from online retailer websites[endnoteRef:5] and confirmed with manufacturer representatives where possible.  [5: 
 https://www.google.com/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=evokit+led+retrofit&tbm=shop&spd=0] 


[bookmark: _Toc438457215]Table X - LED External Driver Lamp-Style Retrofit Kit (UL Type C)
	Measure Description
	Measure Equipment Cost
	Cost Source

	LED External Driver Lamp-Style Retrofit Kit Fixture Material Costs in 
Day Lit Zone
	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Material Equipment Cost
	$158.63
	Online Retailer[endnoteRef:6]  [6: 
 https://www.google.com/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=evokit+led+retrofit&tbm=shop&spd=0] 


	
	Occupancy Sensor Pack-1000 SF assume ceiling mounted
	$138.20
	WO17

	
	Day Lighting Control Side Lighting, 2-step control
	$115.39
	WO17

	
	Total
	$412.22

	LED External Driver Lamp-Style Retrofit Kit Fixture Material Costs in 
Non-Day Lit Zone
	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Material Equipment Cost
	$158.63
	Online Retailer[endnoteRef:7]  [7: 
 https://www.google.com/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=evokit+led+retrofit&tbm=shop&spd=0] 


	
	Occupancy Sensor Pack-1000 SF assume ceiling mounted
	$138.20
	WO17

	
	Total
	$296.83


[bookmark: _Toc438457192]4.3 Incremental & Full Measure Costs
[bookmark: _Toc383697822][bookmark: _Toc438457193]4.3.1 Full Measure Cost
The Full Measure Cost (FMC) is applicable to Direct Install programs. There is an effort on updating systems to collect actual costs from implementers. Until such time, the following costs will be used for direct install.

FMC = Measure Equipment Cost + Measure Labor Cost

[bookmark: _Toc438457216]Table 9 - LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Full Measure Cost
	Measure Description
	Measure Equipment Cost
	Measure Labor Cost[endnoteRef:8] [8: 
 Work Order 17 Labor Cost Study to install bi-level fluorescent fixtures in parking garages] 

	Full
Measure Cost

	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Material Costs in 
Day Lit Zone
	$412.22
	$99.52
	$511.74

	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Material Costs in 
Non-Day Lit Zone
	$296.83
	$99.52
	$396.35



[bookmark: _Toc324318376][bookmark: _Toc324340505][bookmark: _Toc381279689][bookmark: _Toc383697823][bookmark: _Toc438457194]

4.3.2 Incremental Measure Costs
The labor costs for measure and base cases are equivalent. Incremental cost (IMC) = Measure Cost – Base Case Cost.

[bookmark: _Toc438457217]Table 10 - LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Incremental Cost
	Measure Description
	Incremental Measure Cost

	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Material Costs in Day Lit Zone
	$412.22 - $322.46 = $89.76

	Four foot 2-lamp LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Material Costs in Non-Day Lit Zone
	$296.83 - $207.07 = $89.76





APPENDIX A 
Online Retailer Website Linear LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Material Equipment Cost 

	Linear LED External Driver Lamp-Style Retrofit Kit (UL Type C) Fixture Description
	 Online Retailer Website Material Costs 

	Philips 501734 LED Retrofit kit,3500k,110 lm,31w
	 $  152.05 

	Philips 506881 led retrofit kit,4000k,3600 lm,31w
	 $  176.30 

	[image: philips 506766 led retrofit kit,4000k,3200 lm,28w]
	Philips 506766 led retrofit kit,4000k,3200 lm,28w



	 $  124.99 

	Philips 507038 led retrofit kit,4000k,4200 lm,36w
	 $  176.30 

	Philips 506840 led retrofit kit,4000k,3259 lm,31w
	 $  151.12 

	Philips 501817 LED Retrofit kit,3500k,110 lm,39w
	 $  152.10 

	Philips 506964 led retrofit kit,3500k,4200 lm,38w
	 $  176.30 

	Philips 506741 led retrofit kit,3500k,3200 lm,30w
	 $  151.12 

	Philips 501874 LED Retrofit kit,3500k,110 lm,40w
	 $  168.17 

	Philips 501924 LED Retrofit kit,3500k,110 lm,42w
	 $  168.17 

	Philips 506865 led retrofit kit,3500k,3600 lm,32w
	 $  176.30 

	Philips 501791 LED Retrofit kit,3500k,110 lm,34w
	 $  168.17 

	Philips Evokit2x4p42l36w840 2 X 4 Led Layin Retrofit Evo Kit 36 Watt
	 $  150.00 

	Philips EVOKIT2X4P42L36W840 2 X 4 LED Layin Retrofit Evo Kit 36 Wat
	 $  150.00 

	Philips EVOKIT2X4P42L36W840 2 X 4 LED Layin Retrofit Evo Kit 36 Wa
	 $  150.00 

	Philips 501783 LED Retrofit Kit, 4000K, 110 lm, 32W
	 $  195.69 

	Philips Evokit 2x4 P 36l 31w 840 2 X 4 Led Layin Retrofit Evo Kit 31
	 $  109.99 

	Average
	 $ 158.63 
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Summary

The California Technical Forum (CalTF) is considering a workpaper proposal regarding replacement of linear fluorescent fixtures with LED fixtures.  The measures technology is similar to PGECOLTG179 which was approved by the Commission’s ex ante review team in 2015; however, that workpaper refers to interior lighting which has been continually updated by Title 24.  This new workpaper effort is limited to parking garages.  

Per item 13, “Questions for CPUC Staff on Applicability of DEER Values, Methods, Tools, Data, Etc.”, the workpaper abstract appears to only request input on a single topic: the appropriate net-to-gross value.  While the observations below are more extensive then the input requested by the CalTF, this memo should not be considered a full disposition or technical review of the workpaper files.  Instead, it provides standard technical input from similar, past work.  As well, these notes provide references to decisions, ex ante database information and other procedural requirements for the CalTF to incorporate.

Assumptions

We understand that this abstract is a work in process and lists different ideas such as multiple technologies, multiple measure application types, and so on.  In order to stay focused on the main topics covered by the abstract, we are listing the assumptions we made.  Our observations are based on the following:

· Measure Application Type = ROB.  The summary information describes the measure application as limited to “replace on burn-out” (ROB) or natural replacement; however, the details of the abstract describe the desire to submit a workpaper which proposes an early retirement and new construction measure applications.  

· The group of technologies being proposed includes fixture replacements and retrofit kits.  

· “TLED” replacement lamps are excluded from the workpaper proposal.  

· CalTF has assumed that the following technology is the Title 24 minimum code requirement for parking garage fixtures: 2nd generation 32-watt T8 fixture with a normal light output (NLO) ballast.

If we have mis-interpreted the abstract or if changes are made as this workpaper evolves, please note that the observations below may not be applicable.  As a general note, please ensure that the final workpaper submission clearly and consistently supports all selected program parameters including measure applications and different technologies.

Detailed Comments

The Commission Staff ex ante review (EAR) team’s goal is to support CalTF’s technical work, thereby streamlining the Commission Staff workpaper review process.  Our observations include the following:

I. Net-to-gross: All-Default<=2yrs seems fine.

II. Multiple technologies indicate the need for multiple measures.  

III. There appear to be 3 potential data sources for the hours of use.  Although the value used (8760) has interim approval from previous workpapers submissions, it has not been through a detailed EAR team review and may not be the best available data.  Also, multiple measure applicabilities (enclosed vs daylit garages) appear to indicate the need for multiple measures.

IV. Minimum Code should not be assumed equal to standard practice for these measures.  

V. We don’t understand demand savings calculation and have made specific suggestions to modify the calculation approach.

I. Net-to-Gross value

The CalTF requested information regarding appropriate net-to-gross (NTG) values.  The NTG ID of All-Default<=2yrs is appropriate for this workpaper.  

Note that the Hard-to-Reach value is only applicable to direct install installation in hard-to-reach locations.  It seems very unlikely that that parking garage customers could be considered hard-to-reach since parking garages are necessarily located in dense areas or areas associated large facility owners such as corporations or municipalities.  We presume that CalTF is familiar with Final Resolution E-4700 which outlines the requirements for claiming direct install in hard-to-reach areas.  

II. Multiple Measures

The abstract appears to propose that a single measure be deemed for all linear fluorescent fixture retrofits and replacements.  This groups together multiple technologies both for the baseline technology and for the measure technology.  The abstract recognizes that “the baseline mixture would likely consist of 1st and 2nd generation T-8 fluorescent fixtures, HID and T-12 fixtures” while the measure technologies proposed in the abstract include all LED retrofit kits and all LED ambient fixtures.  

When there are a range of technologies included in a measure, the EAR team has historically directed PAs to choose the most conservative savings value.  In this case, that would mean the highest LED fixture/retrofit kit wattage and the lowest baseline technology wattage.  Given the wide range of technologies being proposed (both baseline and measure), it seems likely that a negative savings value would result from this calculation approach.  Therefore, CalTF should consider development of multiple measures.




III. Hours of Use

The hours of use assumed by the abstract (8,760 hours per year or 24/7/365) appears to be based on the CPUC 2015 Workpaper Guidance – Lighting Retrofits, dated January 27, 2015.  Tables 1 and 2 of this guidance document list a parking garage lighting category called “ParkGar” which was established based on lighting workpapers submitted by California PAs in 2013 and 2014.  The hours of use for ParkGar is set at 8,760 because the EAR team “passed through” this value as proposed by California Program Administrators.  EAR team has not researched or reviewed the assumptions or data sources for the value of 8,760 hours. Therefore, EAR team will not require this value to be used and does not consider this value to be the best available information.  CalTF should consult other data for the appropriate parking garage hours of use.

In particular, the submitted abstract appears to reference two other potential sources for hours of use including 2013 Title 24 codes and standards simulations and a Field Study performed by Energy Solutions on bi-level controls in 2011.  EAR team was unable to fully research these data sources and therefore we cannot comment on which source is more appropriate.  

Our final observation regarding the hours of use is that daylit garages should have significantly different hours of use from totally enclosed garages.  This seems to point to the need for multiple measures within the workpaper since the same technology would have different savings depending on where it is installed.  

IV. Minimum Code versus Standard Practice

EAR team did not locate discussion of market research or industry standard practice within the workpaper abstract.  There are statements about the number of fixtures and the mixture of fixtures but no apparent attempt to determine what a California owner would typically install when their garage lighting fixtures fail.  In reference to D.12-05-015 Ordering Paragraph 151[footnoteRef:1], EAR team feels that this workpaper should use the industry standard practice (ISP) technology for calculating the energy savings rather than the minimum code standard technology.  We recognize that standard practice is evolving quickly, especially with regard to LED lighting.  Here are some additional observations: [1:  D.12-05-015 OP 151. Commission Staff shall, with input from Pacific Gas and Electric Company, Southern California Edison Company, San Diego Gas & Electric Company, Southern California Gas Company, and other parties, develop recommendations on:
            a. Whether it is appropriate to replace the regulation, code, or standard baseline with a typical installation baseline for use in calculating energy savings;
            b. Under what circumstances and based upon what kind of evidence such a change could be made;
            c. If the change to a typical installation baseline is made, how the baseline parameters should be established for use in setting ex ante values; and
            d. Assuming the above change, what are the time and budget implications for both Commission Staff and utilities for both ex ante and ex post savings development.] 


· The baseline listed within the workpaper (i.e. a second generation 32-watt T8 fixture with a normal light output ballast) is the second baseline for early retirement of a limited number of lighting measures, particularly indoor and outdoor area and general lighting fixtures.  It is not clear that this is the appropriate second baseline for parking garages, particularly given design features such as clearance height and illumination requirements which differ significantly from typical indoor installations.

· The abstract provides no support to suggest that the 32-watt T8/NLO technology is the industry standard practice technology.  For parking lot lighting fixtures, the standard practice is likely to be more energy efficient than this technology, particularly given typical garage clearance heights and illumination requirements.

We hope that the workpaper submission will address the industry standard practice rather than the 32-watt T8/NLO technology.  

V. Measure Demand Savings

The measure demand savings within the abstract divides annual kWh savings by annual hours of use.   Instead, consider obtaining raw data from the EnergySolutions study and developing a typical annual profile.  This might lead to higher demand savings because the 2pm to 5pm window may be when there is a lot more activity with motion sensors activated etc.  

More specifically, page 33 of the Energy Solutions report begins a section called Bi-level Lighting Performance Evaluation.  This section appears to indicate that detailed data was gathered in 2011.  Maybe this data could be used to develop specific demand savings for specific technologies and specific applicabilities including fixtures exposed to and controlled by daylight as well as totally enclosed garage fixtures.
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Early EAR Team Feedback on Garage Luminares Measure



Attendees 

· Treasa Sweek, Ex Ante Review Team  

· Paula Gruendling, CPUC Staff

· Tim Melloch, Cal TF Staff

· Martin Vu, Cal TF Staff

· Jim Benya, Benya Burnett Consultancy 

· Alejandra Mejia, Cal TF Staff 



Items to Discuss and Notes 



· NTG

· ACT: Measure should use .7 DEER NTG, per Treasa the .6 DEER NTG initially considered was for a screw in application. 

· Demand savings , 

· ACT: Conservative proposed approach in abstract will be Ok, but EAR team encourages further analysis if data is available to evaluate potential for higher peak period demand savings. 

· Hours of use

· ACT: 12 hrs/day for 10% (estimated, further research required) with photocells (4380); 8760 for other 90%.  12hrs/day operation for lamps with day light controls discussed as a conservative estimate to base savings on. 

· Multiple measures – Code vs. ISP 

· EAR team was unaware of input from lighting experts/custom project review on distribution of current technologies.  As discussed on the call, some of the research discussed was a direct result of the early feedback received from the Commission Staff based on their measure Abstract review. 

· ACT: WP developer to support use of code baseline by creating distribution of current technologies. This distribution will be based on review of Edison custom projects and interviews with lighting designers (size of sample may be limited). 

· Multiple measure – Measure technologies 

· ACT: Two permutations (possibly three): Perimeter (day lit with lower hours) and interior (with 8760 and possibly two technologies depending on existence of specialty technologies/requirements). 
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	SCE13LG123 Interior LED Parking Garage External Driver Lamp-Style Retrofit Kits (UL Type C)

		EAR Team’s Abstract Observation

 Review Comments

		WP Developer’s

 Response and Supporting Evidence



		The CalTF requested information regarding appropriate net-to-gross (NTG) values.  The NTG ID of All-Default<=2yrs is appropriate for this workpaper.  

Note that the Hard-to-Reach value is only applicable to direct install installation in hard-to-reach locations.  It seems very unlikely that that parking garage customers could be considered hard-to-reach since parking garages are necessarily located in dense areas or areas associated large facility owners such as corporations or municipalities.  We presume that CalTF is familiar with Final Resolution E-4700 which outlines the requirements for claiming direct install in hard-to-reach areas.  

		ACT: The workpaper uses the  All-Default<=2yrsSource NTG ID (0.70) value as instructed by the EAR team.



		The hours of use assumed by the abstract (8,760 hours per year or 24/7/365) appears to be based on the CPUC 2015 Workpaper Guidance – Lighting Retrofits, dated January 27, 2015.  Tables 1 and 2 of this guidance document list a parking garage lighting category called “ParkGar” which was established based on lighting workpapers submitted by California PAs in 2013 and 2014.  The hours of use for ParkGar is set at 8,760 because the EAR team “passed through” this value as proposed by California Program Administrators.  EAR team has not researched or reviewed the assumptions or data sources for the value of 8,760 hours. Therefore, EAR team will not require this value to be used and does not consider this value to be the best available information.  CalTF should consult other data for the appropriate parking garage hours of use.



In particular, the submitted abstract appears to reference two other potential sources for hours of use including 2013 Title 24 codes and standards simulations and a Field Study performed by Energy Solutions on bi-level controls in 2011.  EAR team was unable to fully research these data sources and therefore we cannot comment on which source is more appropriate.  



Our final observation regarding the hours of use is that daylit garages should have significantly different hours of use from totally enclosed garages.  This seems to point to the need for multiple measures within the workpaper since the same technology would have different savings depending on where it is installed.  

		The 6/27/2016 CalTF Early Feedback on Garage Luminaires Abstract meeting notes indicated based on the Energy Solutions 2012 ETAP Report (page 35), the study indicates that fixtures controlled with photocells are on 12 hrs/day. Based on the analysis provided in section 1.5 of the workpaper, approximately 11% of the parking garage consist of day lit zones. The hours of use for photocell controlled fixtures in day lit zones are 4,380 and 8,760 for fixtures in non-day lit zones. 

Based on the analysis and evidence provided in Section 1.5 and 1.6 of the workpaper, there are only two measures considered for this workpaper: 1) fixtures in day lit zones and 2) fixtures in non-day lit zones.



		The abstract appears to propose that a single measure be deemed for all linear fluorescent fixture retrofits and replacements.  This groups together multiple technologies both for the baseline technology and for the measure technology.  The abstract recognizes that “the baseline mixture would likely consist of 1st and 2nd generation T-8 fluorescent fixtures, HID and T-12 fixtures” while the measure technologies proposed in the abstract include all LED retrofit kits and all LED ambient fixtures.  



When there are a range of technologies included in a measure, the EAR team has historically directed PAs to choose the most conservative savings value.  In this case, that would mean the highest LED fixture/retrofit kit wattage and the lowest baseline technology wattage.  Given the wide range of technologies being proposed (both baseline and measure), it seems likely that a negative savings value would result from this calculation approach.  Therefore, CalTF should consider development of multiple measures.

		The 6/27/2016 CalTF Early Feedback on Garage Luminaires Abstract meeting notes indicated that two measure permutations (possibly three) should be considered: 1) Perimeter (day lit with lower hours) and 2) interior (with 8760 and possibly two technologies depending on existence of specialty technologies/requirements). 



Based on the analysis and evidence provided in Section 1.5 and 1.6 of the workpaper, there are only two measures considered for this workpaper: 1) fixtures in day lit zones and 2) fixtures in non-day lit zones. 



		EAR team did not locate discussion of market research or industry standard practice within the workpaper abstract.  There are statements about the number of fixtures and the mixture of fixtures but no apparent attempt to determine what a California owner would typically install when their garage lighting fixtures fail.  In reference to D.12-05-015 Ordering Paragraph 151[footnoteRef:1], EAR team feels that this workpaper should use the industry standard practice (ISP) technology for calculating the energy savings rather than the minimum code standard technology.  We recognize that standard practice is evolving quickly, especially with regard to LED lighting.  Here are some additional observations: [1:  D.12-05-015 OP 151. Commission Staff shall, with input from Pacific Gas and Electric Company, Southern California Edison Company, San Diego Gas & Electric Company, Southern California Gas Company, and other parties, develop recommendations on:
            a. Whether it is appropriate to replace the regulation, code, or standard baseline with a typical installation baseline for use in calculating energy savings;
            b. Under what circumstances and based upon what kind of evidence such a change could be made;
            c. If the change to a typical installation baseline is made, how the baseline parameters should be established for use in setting ex ante values; and
            d. Assuming the above change, what are the time and budget implications for both Commission Staff and utilities for both ex ante and ex post savings development.] 


The baseline listed within the workpaper (i.e. a second generation 32-watt T8 fixture with a normal light output ballast) is the second baseline for early retirement of a limited number of lighting measures, particularly indoor and outdoor area and general lighting fixtures.  It is not clear that this is the appropriate second baseline for parking garages, particularly given design features such as clearance height and illumination requirements which differ significantly from typical indoor installations.



The abstract provides no support to suggest that the 32-watt T8/NLO technology is the industry standard practice technology.  For parking lot lighting fixtures, the standard practice is likely to be more energy efficient than this technology, particularly given typical garage clearance heights and illumination requirements.



We hope that the workpaper submission will address the industry standard practice rather than the 32-watt T8/NLO technology.  .



Additionally, an email from the EAR team to CalTF staff on July 13, 2016, a representative from the EAR team indicated the EAR team observes that the standard practice is changing extremely rapidly on this technology. The EAR team representative indicated that when determining industry standard practice, to consider limiting the time frame to the last ~1 year (summer of 2015 to present day) due to the uncertainty of whether a project designed or retrofit today would normally install T8s or LEDs

		The 6/27/2016 CalTF Early Feedback on Garage Luminaires Abstract meeting notes indicated that the EAR team was unaware of input from lighting experts/custom project review on distribution of current technologies.  As discussed on the call, some of the research discussed was a direct result of the early feedback received from the Commission Staff based on their measure Abstract review.  



The Action Item from this meeting was for the workpaper developer to support use of code baseline by creating distribution of current technologies. This distribution will be based on review of Edison custom projects and interviews with lighting designers (size of sample may be limited).



Based on the analysis and evidence provided in Section 1.5 and 1.6 of the workpaper, there are studies, reports and custom project files that exhibit evidence that the F32W T8 Linear Fluorescent fixture was the standard practice for parking garages including comments relating to design features such as clearance heights.  Furthermore, section 1.5.8 indicates that typical designs assume a nominal 90 foot long by 62 foot wide parking garage with an 8’ flat ceiling, clean natural concrete ceiling, floors and walls, 70% lumen maintenance factor. Section 1.5.8 further states that the overall power density of the entire garage floor are larger due to the need for higher light levels around elevator and lobby cores and circulation areas. Title 24-2016 Area Category Method allows 0.14 w/sf lighting power density (LPD) for the garage floor, not including transition zones, stairs or enclosed spaces such as mechanical rooms. The whole building LPD is 0.20 w/sf. This approach is adequate for most garages and requires fewer code compliance documents. 



However, Section 1.5.8 cautions that beams can seriously reduce lighting levels and/or create dark spots, and will cause higher lighting power use.



Regarding standard practice on a rapidly changing technology concern, because the 2013 Title 24 Code became effective on July 1, 2014, the summer of 2015 was the beginning of the turning point for new construction in parking garages. Based on the DOE’s July 2015 Adoption of Light-Emitting Diodes in Common Lighting Applications study, LED parking garage installations represented less than 5% of all parking garage installations. 



However, it was not clear on whether these LED installations were a part of new construction parking garage projects or in existing parking garages. The major energy savings opportunities are found in existing parking garages where the cost effectiveness of LED fixtures instead of fluorescent have yet to be determined. 



Consequently, the CalTF recommended collecting baseline data during program implementation to support a future early retirement (ER) application type for consideration in a future workpaper update to address current industry standard practice and because of the higher energy savings opportunity.



		The measure demand savings within the abstract divides annual kWh savings by annual hours of use.   Instead, consider obtaining raw data from the Energy Solutions study and developing a typical annual profile.  This might lead to higher demand savings because the 2pm to 5pm window may be when there is a lot more activity with motion sensors activated etc.  

More specifically, page 33 of the Energy Solutions report begins a section called Bi-level Lighting Performance Evaluation.  This section appears to indicate that detailed data was gathered in 2011.  Maybe this data could be used to develop specific demand savings for specific technologies and specific applicabilities including fixtures exposed to and controlled by daylight as well as totally enclosed garage fixtures.

		The 6/27/2016 CalTF Early Feedback on Garage Luminaires Abstract meeting notes indicated that the abstract used a conservative peak demand reduction proposed calculation approach in abstract. However, after speaking with the EAR team and CalTF staff on 6/27/2016, the workpaper developer revised the peak demand reduction calculation approach after hearing the EAR team’s encouragement to perform further analysis if data is available in the Energy Solutions 2012 ETAP Report to evaluate potential for higher peak period demand savings. 



That analysis was done and used in this workpaper to include Energy Solution’s 2012 ETAP Report data and the breakdown can be seen in Section 2 of the workpaper.



		It's possible that we could limit the number of measures in the workpaper by defining a new building type called Parking Garage. In DEER we don't allow the use of a specific activity area type for a claim. Claims have to use a building type and they get the whole building number, which is a mixture of a whole bunch of hours of use and lighting power density values. Perhaps the workpaper developer could put that whole building number together that includes a prototypical mixture of space types, HOUs and CDFs. Then that building type can be added to the EAdB

		The recommendation from EAR team member to develop a whole building number that includes a prototypical mixture of space types, hours of use and coincident diversity factors makes sense. Section 1.5.8 of the wp summarizes two variations of parking garages for both small and large parking garages based on approximate space types and areas.



However, given that this analysis has not been fully vetted with the EAR team, the wp developer welcomes the opportunity to use this information as a starting point and work with the EAR team to formulate a parking garage building type in a future wp update. The future parking garage building type could use information from this analysis to formulate weighted operating hours and diversity factors appropriate for energy savings calculations. 
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· ACT: Consider including multifamily parking in the target sectors.

· ACT: Use Energy Solutions metered data to determine hours

· ACT: Customer-facing values should use the more common per fixture metric

· ACT: Establish product specifications and use those to maximize calculated savings while still meeting health and safety requirements   

· See if Energy Solutions meter data can be used for this

· ACT: Attempt to develop workpaper to cover both ER and ROB applications 

· Ensure clear guidance is received at abstract review stage on viability of the ER application type.

· ACT: Include new luminaires

· ACT: Use PG&E program requirements for LED retrofit kits

· ACT: For enclosed garages, use hours of operation as determined by January 21st, 2015 CPUC Staff memo to PG&E. 

· That EUL should be calculated with 8760 hours

· ACT: Make sure EUL for un-enclosed spaces reflect hour of operation being used 

· Does EUL change do to the 1/3 low power use? Illuminating society may have data on this.

· ACT: Use HID and no controls for base case

· ACT: Request information from BOMA regarding percentage of California garages that have day lighting

The majority of the items listed should not prevent us from sending the abstract materials to Staff for early review. We can just list them as open items to be considered and resolved during full WP development. There are only two items that need to be closed out before we send the materials to Staff: 
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2016-07-19 Responses to CalTF Action Items on Interior LED Parking Garage.docx
· ACT: Consider including multifamily parking in the target sectors.

· Included the multifamily building type into the wp.

· ACT: Use Energy Solutions metered data to determine hours

· Included the Energy Solutions metered data into the wp for estimating EUL and hours.

· ACT: Customer-facing values should use the more common per fixture metric

· The wp uses fixtures as the energy and cost common units to be more customer facing friendly.

· ACT: Establish product specifications and use those to maximize calculated savings while still meeting health and safety requirements   

· See if Energy Solutions meter data can be used for this

· The wp uses fixtures that filtered out product specifications clearly described in both the eligibility requirements section (Section 1.1) and the calculation methodology section (Section 2) of the wp. Additionally, the Energy Solutions data was used to estimate energy and peak demand reduction savings values in non-day lit and day lit zones.

· ACT: Attempt to develop workpaper to cover both ER and ROB applications 

· Ensure clear guidance is received at abstract review stage on viability of the ER application type.

· Section 1.5 of the wp provides reports, studies, and custom project files exhibiting existing base case fixtures and provides an explanation on industry standard practice for installing parking garage fixtures. Section 1.6 provides an explanation on future data collection requirements that would support the EAR team’s inquiry on standard practice since the summer of 2015. The proposed CalTF recommendation is to collect this base case data during program implementation.

· ACT: Include new luminaires

· New luminaires were requested by the SCE core program offering team. However, after sharing the analysis with CalTF, the CalTF recommendation was to remove the LED luminaire measure because the TRC was below 1. If early retirement comes into play, there is a possibility that the new LED luminaire measure may come back.

· ACT: Use PG&E program requirements for LED retrofit kits

· Most of the PG&E program requirements for LED retrofit kits were used. However, because PG&E’s wp targeted indoor ambient commercial lighting, some of the requirements did not make sense for parking garages. 

· ACT: For enclosed garages, use hours of operation as determined by January 21st, 2015 CPUC Staff memo to PG&E. 

· That EUL should be calculated with 8760 hours

· The wp references the CPUC staff memo to PG&E and provides other studies and reports and supporting evidence to use 8,760 annual hours for the EUL calculation

· ACT: Make sure EUL for un-enclosed spaces reflect hour of operation being used 

· Does EUL change do to the 1/3 low power use? Illuminating society may have data on this.

· The wp uses the 2012 Energy Solutions ETAP study that breaks out low power and high power modes and is reflected in the EUL calculation for low power mode usage.

· ACT: Use HID and no controls for base case

· HID with no controls is a base case issue concerning early retirement, which has already been addressed above on how the data will be collected during program implementation to support a future Early Retirement option.

· ACT: Request information from BOMA regarding percentage of California garages that have day lighting

· The 2012 Energy Solutions ETAP monitored data provided information on fixtures affected by day lit zones. Thus, this study was used as the best available data to support day lit zone lighting.

The majority of the items listed should not prevent us from sending the abstract materials to Staff for early review. We can just list them as open items to be considered and resolved during full WP development. There are only two items that need to be closed out before we send the materials to Staff: 
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Actual Base Case Number of Fixtures Lamp WattageBallast WattageSystem Wattage KW Hours of Operation kwh/year

227 175 40 215 48.805 6205 302,835.0

69 175 40 215 14.835 8760 129,954.6

Base Case KW 63.64Base Case Usage 432,789.6

Program Agreement Base Case Lamp WattageBallast WattageSystem Wattage KW Hours of Operation

216 175 40 215 46.44 6205 288,160.2

69 175 40 215 14.835 8760 129,954.6

61.275 418,114.8
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1. Represents the number of fixtures utilizing LED linear replacement lamps, roughly 2 lamps per system.




image29.emf

image30.png




image31.emf
Energy_Tech_Assist ance_Program-Energy_Solutions-Final_Report_2012-04-30.pdf


Energy_Tech_Assistance_Program-Energy_Solutions-Final_Report_2012-04-30.pdf
Final Report for

Energy Technology Assistance Program

Prime Contractor Name: Energy Solutions
Contract Agreement Number: 400-09-012
Contract Term: 8/5/2010—-4/30/2012
Project Manager: Tony Wong

Date Report Submitted: 4/30/2012

ARRA SEP contracts have not been granted confidentiality status for
any contract deliverables, therefore, the Final Report is a public
document and must be completed before the contract termination
date of the contract. The contractor should use the outline below to
complete the report. Each contractor should receive approval from
their Commission Contract Manager to ensure the Final Report meets
the needs of each individual contract.

Final meetings between the contractor and the Energy Commission
will be at the discretion of each Commission Contract Manager.
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(1) EXECUTIVE SUMMARY

Program Background and Approach

Energy Solutions developed the Energy Technology Assistance Program (ETAP) to reduce energy
consumption and stimulate the economy by accelerating the growth of the market for advanced
building energy management technologies. While many Energy Commission stimulus programs targeted
the commercial and residential sectors, ETAP exclusively targeted facilities in underserved public and
nonprofit organizations. ETAP focused on facilitating the installation of advanced technologies with low
market penetration but a demonstrated ability to deliver substantial cost and energy savings.

Leveraging the work of the Energy Commission's Public Interest Research Program (PIER) and other
demonstration studies, ETAP concentrated on supporting three specific categories of state-of-the-art,
advanced building energy management technologies:

e Bi-level lighting for parking lots, garages, stairwells, and walkways;
e Wireless lighting control systems; and
e  Wireless HVAC control systems.

ETAP faced many significant challenges, including a compressed period of performance, time-consuming
public approval processes, layoffs and budget cuts that reduced both capital and human resources
within participating agencies, unfamiliar and sophisticated products, a limited portfolio of qualified
technologies, and startup companies still optimizing their business processes.

Despite the challenges, ETAP facilitated the installation of 114 projects in 60 different agencies,
achieving significant measure balance with 71 bi-level lighting, 16 wireless lighting, and 27 wireless
HVAC projects. Together, these projects are delivering over 23,000,000 kWh of electricity savings, over
948,000 therms of natural gas savings, and over 1,300 kW of peak demand reduction annually,
exceeding all contractual goals.

Program Design

ETAP implemented three major program activities to address market barriers to the adoption of bi-level
lighting, wireless lighting controls, and wireless HVAC controls:

e Technical Services & Rebates: ETAP assisted participating organizations in identifying and
implementing projects where qualified technologies were be likely to create cost-effective
energy savings and paid rebates upon successful installation;

e Marketing: ETAP developed fact sheets and case studies describing the targeted categories of
technologies and documenting successful installations of qualified products; and

e Workforce Development: ETAP produced a series of workshops and trainings on the targeted
technologies to electricians, HVAC installers, participating organization staff, and other
interested parties.
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Organizational Structure

Energy Solutions, a private consulting company, served as prime contractor. To efficiently deliver
program services, ETAP assigned an individual staff person to act as the program’s primary point of
contact (Agency Lead) for each participating organization (Agency). Agency Leads coordinated ETAP’s
outreach, technical services, and rebates for their designated participants. ETAP formed a separate
Technical Services Team to perform product qualifications, energy audits, feasibility studies, and post-
installation verification and monitoring activities. ETAP also assigned individual staff leads to manage the
Marketing and Workforce Development activities. The Program Director provided overall program
direction and oversight and the Program Manager managed day-to-day operations.

Organizations from the public, private, and nonprofit sectors collaborated with Energy Solutions to
implement ETAP activities. Some manufacturers of qualified products, such as Adura Technologies,
Lutron, Vigilent, and Cypress Envirosystems, also worked with ETAP staff to help participants identify
and develop scopes of work for potential projects. Those organizations were not compensated by
Energy Solutions or the Energy Commission for services provided to participating organizations.
Subcontractors to Energy Solutions are listed below by the program activity for which they provided
assistance.

TECHNICAL SERVICES

e (California Lighting Technology Center (CLTC): Technical consulting services for selected lighting
projects

e Lighting Wizards: Technical consulting services for selected lighting projects

e Integrity Electric: Installation and removal of monitoring equipment for lighting projects

MARKETING

e Linda Brandon Design: Graphic design services for case studies, fact sheets, and other program
collateral

e William Porter Photography : Photography services for case studies

e Phoenix1: Printing services for fact sheets, case studies, and other program collateral

e Creative Slice: Website design services

WORKFORCE DEVELOPMENT

e Linda Brandon Design: Graphic design services for seminar and training announcements

e Vigilent: Curriculum license and staffing for wireless HVAC controls training curriculum

e (California Lighting Technology Center (CLTC): Advanced lighting control curriculum development

e California Advanced Lighting Controls Training Program (CALCTP): Staffing, marketing, and
curriculum for advanced lighting controls trainings
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(2) GOALS

This section provides a high-level comparison of ETAP's contractual goals to actual accomplishments. For
additional information about program activities and outcomes, please see Section 3: Accomplishments
and Section 5: Technology. For information about specific contract deliverables, please see Section 6:
Deliverables.

Primary Program Performance Metrics

Each of ETAP's major program activities (technical services, rebates, marketing, and workforce
development) addressed a specific goal. To measure and track program performance, ETAP established
guantitative objectives for each goal. ETAP met or exceeded all contractual program goals and
objectives (see Table 1).

Table 1. Comparison of ETAP's Primary Contractual Goals to Actual Accomplishments

PROGRAM GOALS AND CONTRACTUAL OBJECTIVES ACTUAL ACCOMPLISHMENTS
ACTIVITY Goal Objective  Achieved % Objective
Annual Energy Savings
TECHNICAL Electricity - kWh 13,200,000* 23,035,547 175%
SERVICES & Nat. Gas - therms 46,275* 948,018 2,049%
REBATES Peak Power Reduction
kw 1,275* 1,346 106%
Case Studies 7 8 114%
Website 1 1 100%
MARKETING Other Materials
Brochure 1 1 100%
Application 1 1 100%
Fact Sheets NA 3 NA
Technology Seminars
# Seminars 6 6 100%
WORKFORCE # Participants 60 229 380%
DEVELOPMENT Electricians Trained 40 40 100%
HVAC Installers Trained 20 26 130%
Interns Trained 4 4 100%

*The objectives for annual energy savings and demand reduction were reduced from the original contractual amounts to those shown in the
table following a Critical Performance Review on 3/4/2011 in which the Energy Commission requested an increase in rebate levels. It should be
noted, however, that ETAP exceeded even the original contractual energy savings goals of 17.6 kWh and 61,700 therms. Due to high demand,
ETAP requested and received additional rebate funding ($750,000 additional funding was added to the contract and $100,000 was re-allocated
to rebates within the contract). Program participants installed a larger number of HVAC projects than envisioned during program design, which
dramatically increased ETAP's total natural gas savings and decreased total peak electrical power demand reduction. The wireless HVAC
measure produces little to no kW savings and thus the increase in these HVAC measures led to proportionally lower kW savings.

ETAP provided technical services and rebates to help program participants install cost-effective projects
utilizing advanced energy management technologies that saved energy and reduced peak demand.
Technical services objectives included quantitative annual electricity and natural gas savings and peak
electrical power reduction targets for installed projects.
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Through its marketing activities, ETAP sought to increase the availability of information about the
targeted program technologies. Marketing objectives included specific quantities of program collateral
to be developed and distributed.

ETAP's workforce development activities aimed to increase the number of workers and staff trained to
install and operate the targeted program technologies. Workforce development objectives included
specific quantities of events to be sponsored and minimum participation levels.

Although not officially established as contractual objectives, project data collected and tracked by ETAP
staff provide several other insights into overall program performance.

Payback

The median payback of ETAP projects, including energy and maintenance cost savings, was 5.15 years,
indicating that the program successfully targeted cost-effective projects. Net of ETAP rebates, the
median payback dropped to 3.74 years. Total first year energy cost savings for the program were $3.37
million, which will continue to provide financial benefits to local cities, counties, universities, and
nonprofit organizations for many years after the retrofits are fully paid, throughout the life of the
installed measures.

Leverage Funding and Job Creation

ETAP rebates typically covered about 23% of project costs. As a program, ETAP used $3.4 million in
rebate funding to leverage an additional $17.9 million into the state and national economies. The
leveraged funding sources included utility incentives, participants’ internal capital funds, revenue bonds,
dedicated energy project funds, and federal block grants. The total impact of over $21.2 million of
spending resulted in a net creation or retention of more than 350 jobs.*

Bi-Level Lighting Performance

ETAP's monitoring efforts provided crucial new empirical data on the performance of bi-level, or
adaptive, lighting in parking garages. The data shows that bi-level light fixtures operated at the low
output level 62% of the time in parking garages, which is a significantly higher percentage than previous
industry assumptions. The measured data showing more time spent in low power mode means that
actual savings for bi-level lighting were higher than originally estimated, and increasing the associated
utility incentives could be justified if necessary to motivate more customers to install this measure.

! The number of jobs created was estimated assuming $60,000/job, in the middle of the range inferred from several reports, including "Energy
Efficiency, Innovation, and Job Creation in California," UC Berkeley (2008), "Redefining the Prospects for Sustainable Prosperity, Employment
Expansion, and Environmental Quality in the US: An Assessment of the Economic Impact of the Initiatives Comprising the Apollo Project," Apollo
Alliance (2003), and "ACEEE Energy Stimulus Job Impacts Calculator," ACEEE, (2009).
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(3) ACCOMPLISHMENTS

This section provides information about ETAP's primary activities and outcomes. For a summary of key
program performance metrics please see Section 2: Goals. For details about outcomes for each
technology, see Section 5: Technology. For information about specific contract deliverables, please see
Section 6: Deliverables.

ETAP implemented three primary activities: technical services and rebates, marketing, and workforce
development. Additional administration and management activities supported, integrated, and directed
all program operations. The sections below describe the primary activities and outcomes of each activity
area.

Technical Services and Rebates

“The ETAP staff was extremely helpful throughout the entire process — providing unbiased, high
quality technical recommendations and a consistently fast response time. Particularly, | thought that
the audit-level analysis and photometric modeling made compelling arguments for the project’s
feasibility and my team’s overall comfort with the energy efficiency retrofit. My staff learned a lot
about lighting efficiency in the course of working with the ETAP team, and | was very pleased with
the entire program process.”

— Mike Robertson, Deputy Director of Off-Street Parking, San Francisco Municipal Transportation
Agency (SF MTA)

ETAP's technical services and rebates helped program participants (Agencies) install cost-effective,
advanced energy management projects that saved energy and reduced operating costs. At the
conclusion of the projects, ETAP provided a project rebate based on the installed savings.

In numerous cases, ETAP exposed agencies to advanced technologies that they would not have
otherwise considered. As of this writing, the program has already received statements from many
Agencies that based on the ability of the installed technologies to both perform their functions as
designed and bring in the energy savings as projected, Agencies fully expect to continue implementing
these technologies in additional facilities.

ETAP has therefore been successful in facilitating the establishment of these advanced energy efficiency
technologies in the commercial and institutional market, which was one of the basic objectives of ETAP
and the Energy Commission.

Technical Services Approach

Each Agency worked with an individual Agency Lead, who served as that organization's primary point of
contact with ETAP throughout the Agency's participation in the program. Agency Leads coordinated with
ETAP's Technical Team to help Agencies identify feasible projects and ensure that qualified products
were installed. Once an Agency committed to installing a feasible project by signing an application form,
ETAP reserved rebate funding for that project. To ensure that rebate funding was fully distributed within
ETAP's period of performance, Agency Leads tracked each project's progress toward completion
according to a schedule of milestones. The milestone schedule spanned all phases of implementation,
from the initial project screening through post-installation verification. The Program Manager
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reallocated funding from projects that failed to comply with the milestone schedule to other projects on
a waiting list.

ETAP issued one of two types of rebates: prescriptive rebates for qualified bi-level lighting fixtures
(S200/LED fixture; $100/fluorescent and induction fixture; $40/lamp and ballast retrofit); and calculated
rebates for qualified wireless lighting and HVAC control projects ($0.18/kWh). ETAP incentives coupled
with utility incentives typically covered less than half the total measure cost.

Technical Services Provided

ETAP assigned each proposed project to a member of the Technical Team (Project Lead). The Project
Lead worked with the Agency and Agency Lead to analyze the feasibility of the prospective project and
to provide other technical services to support the Agency. Table 2 shows the ETAP services available to
participating organizations at each phase of project implementation. In parallel with the services
described in Table 2, the ETAP Technical Team evaluated products associated with proposed projects for
rebate eligibility according to technology-specific criteria approved by the Energy Commission (See
Section 7: Technology, Technology Evaluation for more details). The Energy Commission provided final
approval for all product eligibility determinations.

SCREENING

Agency Leads worked with Agency representatives to collect basic information on lighting and HVAC
equipment currently used at the Agency's facilities. Agency Leads also gathered information about
funding, procurement, and overall level of interest by Agency decision makers in pursuing projects at
facilities exhibiting high savings potential. Facilities that exhibited potential at this stage were selected
for more in-depth screening. In some cases, a vendor of a qualified product would participate in follow-
up calls to help scope opportunities and describe the technology.

The Project Lead used screening information and assumptions to calculate general estimates of baseline
energy usage and savings opportunities and identify high priority buildings. For screening-level
calculations as well as subsequent audit and verification-level calculations, ETAP developed a
technology-specific spreadsheet model to calculate annual baseline and retrofit energy usage and
energy costs and potential ETAP and utility incentives.
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Table 2. Typical ETAP Services Available By Phase of Project Implementation

Phase of Project
Implementation ETAP Services

Screening Determine rough savings potential

Collect more detailed equipment information,
Audit guantities, and other site-specific information, often
through site visits
Complete savings analysis comparing existing
equipment with available ETAP-supported retrofit
options; reserve rebate if participant chooses to
implement

Feasibility Analysis

Provide resources and references to assist participant

Procurement Support . e . .
PP with specification and development of bid documents

Review equipment order to confirm eligibility and refine

Design Review . .
estimated energy savings and rebate amounts

Verify that installation of project was consist with
original design, typically through site visits; issue rebate
for properly installed projects

Installation
Verification

Collect actual equipment performance or electrical

Data Monitorin .
g consumption data

Incorporate results from installation verification and
Final Savings Report data monitoring to calculate final savings reported to
Energy Commission and DOE

AUDIT

For some buildings, sufficient information, up-to-date drawings and plans, and operating information
were already available and an on-site audit was not necessary. Other buildings required on-site visits to
better understand baseline controls, HVAC equipment, light fixture types, and building operating
schedules. For “fast track” projects, vendors and their Agency counterparts often had already scoped a
project at a facility and completed the auditing necessary to design a feasible project. In such cases,
ETAP staff typically did not duplicate the audit activities, but instead spot-checked information provided
by the vendor and/or Agency contact.

In a typical audit, the Project Lead walked through the facility and interviewed Agency staff to determine
the make, model numbers, and quantities of relevant equipment, confirm hours of building operation,
and identify other critical operational and design parameters.

During bi-level lighting audits, Project Leads measured light levels in several locations in order to gain a
clear understanding of the existing light levels. Project leads noted the ratio of the maximum to
minimum (or average to minimum) light, as this “uniformity” ratio is an important indicator of the
overall lighting quality in an area.

For wireless lighting projects that were selected, approved, and funded by agencies, ETAP personnel
recorded lighting operation over a two or more week period of normal facility operation prior to
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installation of wireless lighting controls. Monitoring data helped the Project Lead refine estimates of
baseline lighting operating hours. Typically, ETAP deployed power loggers in electric service panels to
record interval measurements of average lighting circuit power usage. In some cases, ETAP used light
loggers to record interval measurements of relative illuminance at select fixtures to characterize when
fixtures were switched on and off. The Project Lead used time-series data to calculate daily and weekly
operating hours for lighting in various space types, and extrapolated these results to annual operating
hours based on building schedules.

ETAP personnel collected any information not available at the time of the audit through subsequent
email and phone communications with Agencies. In those few cases where ETAP staff could not obtain
all information required, ETAP used standard assumptions based on previous experience with similar
projects. ETAP designed assumptions to produce conservative estimates of energy savings and disclosed
all assumptions to the Agencies.

FEASIBILITY ANALYSIS

Using data gathered during the audit phase and customized technology-specific calculator tools, Project
Leads analyzed the feasibility of prospective projects. Agency Leads delivered results to the participating
Agencies, typically in the form of an Audit Report or Audit Memo. Audit Reports and Memos included
estimates of both energy savings and project financials, providing Agencies with the information needed
to make a decision about whether or not to implement the project. ETAP reserved rebates for projects
when the Agency committed to implementation by signing an ETAP rebate application and agreeing to
an implementation schedule.

In analyzing the feasibility of a project on behalf of an Agency, ETAP estimated the total savings
associated with a project, including savings both from equipment that was explicitly eligible for ETAP
rebates (such as qualified bi-level light fixtures) as well as equipment that was part of the same overall
project but was not eligible for ETAP rebates (such as fixed-output light fixtures that were more efficient
than the previously installed fixtures). This approach allowed ETAP to accurately reflect the overall
benefits and economics of the project in a single, cohesive report. ETAP disaggregated the sources of
savings for each project in the Final Savings Report, as described in the relevant section below.

PROCUREMENT SUPPORT

ETAP staff provided as-needed assistance to participating Agencies to support the procurement of
eligible equipment, including development and review of bid specifications. Wireless HVAC projects
typically entailed more complicated procurement processes than did lighting projects. Depending on the
measure installed and existing infrastructure at the installing Agency, Wireless HVAC Control Measure
projects were likely to require a subset of the following types of contracts:

e Purchase and installation of variable frequency drives (VFD);
e Purchase and installation of wireless HVAC control equipment; and
e Controls integration with existing Building Automation System (BAS)

Agencies typically used existing contracts to purchase and install the VFDs that enabled the wireless
HVAC control system to convert constant air volume (CAV) systems to variable air volume (VAV)
systems. ETAP helped to ensure that the Agency understood which supply and return fans required
VFDs and the size of the motors that the VFDs were to be applied to. The Agency itself then secured the

ARRA SEP Final Report: Energy Technology Assistance Program (ETAP) Page 8





contract for these services. Wireless pneumatic thermostat (WPT) projects typically did not require VFD
installation.

Agencies used sole source contracts or Job Order Contracting (JOC) to purchase and install the wireless
HVAC control equipment. When necessary, ETAP helped assemble sole source justifications and was
available to answer questions from Agency procurement offices. In one instance, ETAP helped facilitate
adding the WPT measure to a JOC instrument where the measure was not previously available.

Agencies sought control integration with existing BASs primarily in connection with WPT installations.
While integration was not a specific ETAP requirement, many of the agencies saw this as a primary
benefit of the system. The Agency’s existing control contractor, if it had one, was the first choice to
provide integration services as it would be the most familiar the existing BAS. In the event that the
Agency did not have a controls contractor, the equipment manufacturer provided a short list of control
contractors that were familiar with the WPT product.

DESIGN REVIEW

After securing authorization for project implementation, Agency representatives completed and
submitted the project design or scope of work for ETAP review. ETAP staff used the design review
process to confirm the eligibility of proposed equipment and control strategies and refine the estimate
of energy and cost savings anticipated for the project. The Project Lead’s review also acted as an
additional level of overall quality control to help ensure the use of industry best practices. Vendors and
installation contractors sometimes provided information affecting the design review as well. ETAP
adjusted the reserved rebate amount according to the project information provided during this phase.

INSTALLATION VERIFICATION

After project installation, Project Leads verified that the project was installed in a manner consistent
with the submitted design or scope of work. Verification procedures varied by technology area, but
typically consisted of a site visit and inspection, review of invoices for equipment quantities and project
costs, and review of any controls programming or commissioning documentation. For projects that were
also enrolled in a utility incentive program, ETAP also considered utility post-installation audits for
verification.

If the Project Lead identified any discrepancies between the installed project and the approved project
design that were likely to impact the expected energy savings, ETAP adjusted the rebate adjusted
accordingly.

DATA MONITORING

Project leads used monitoring data to determine the final project savings reported to the Energy
Commission. Monitoring efforts varied significantly by technology type, as described below.

Bi-Level Lighting Controls

After the completion of a bi-level lighting project, the Project Lead coordinated with the ETAP’s
electrical subcontractor, Integrity Electric, to install light level loggers in six different fixtures throughout
the facility. The loggers were placed in areas that were representative of the distinct traffic patterns of
the garage (e.g., near entrance, in average area, and in low traffic area).
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To determine the amount of time spent in high and low power modes, ETAP categorized light level
readings (taken at 1 minute intervals) as either “high” or “low” power. ETAP determined the lumen
values corresponding to high and low power separately for each logger using histograms to count the
number of logs taken at various lumen levels.

The Project Lead used an ETAP-customized Excel-based analysis tool to convert the categorized light
level readings into the fraction of time the logged spent in low-power mode. Project Leads also use to
tool to determine the fraction of “Peak” time that the fixtures are in low-power mode.

Wireless Lighting Controls

Following the installation and commissioning of a wireless lighting controls project, the Project Lead
worked with facility contacts, contractors, or controls vendors to trend lighting system data over a two
week period of time (or more) to quantify actual operation and energy savings from the system.
Because the controls systems included the ability to record lighting system demand and energy usage
over time, ETAP did not install data loggers for post-installation monitoring. Before trending lighting
data from the new controls system, ETAP typically allowed several weeks after system installation for all
troubleshooting and system adjustments to be completed so that the new controls system was in a
“steady state” for the ETAP evaluation.

In order to generate data for each space type to compare with pre-installation monitoring results,
Project Leads selected representative fixtures or locations from the controls system diagrams within the
same spaces originally monitored. Project Leads used time-series data polled from the controls system
for the representative fixtures to compare baseline and retrofit operation.

Wireless HVAC Controls

Monitoring for HVAC control measures focused on collecting fan speed data and corresponding outside
air temperatures. ETAP worked with the equipment manufacturer to collect performance data for each
controlled supply fan as well as outdoor air temperatures. ETAP staff used this data used to determine
if, on average, fan speeds for a given temperature bin performed as predicted by the bin analysis used in
the ETAP savings model. ETAP calculated average air flow per fan and temperature bin and summed
across all supply fans. ETAP used these air flow values used to override the predicted air flow in the bin
analysis, producing calibrated fan, cooling, and heating savings for the project. Actual power usage for
fans and cooling and heating plants was not monitored.

FINAL SAVINGS REPORT

After ETAP completed the data monitoring and analysis, the Project Lead updated the technology-
specific calculator tool to include any changes found during the verification and the results of the data
monitoring analysis. Changes in final (monitored) energy savings calculations typically did not affect the
value of the rebate ETAP paid to the Agency, but did affect the total program savings reported to the
Energy Commission.

The final estimate of energy savings was disaggregated by whether savings were specifically attributable
to controls (rather than other sources of savings, such as more efficient light sources), and whether
savings were specifically attributable to qualified ETAP products (rather than other energy-saving
equipment that were installed as part of the same project).
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Technical Services Outcomes

ETAP conducted audits or feasibility studies for over 300 projects in 99 different public and nonprofit
organizations throughout the state. ETAP issued $3.4 million in rebates for 114 different installed
projects. Table 3 and Table 4 show major technical service outcomes by the targeted technology type
(bi-level lighting, wireless lighting controls, and wireless HVAC controls). In aggregate, bi-level lighting
projects accounted for the largest number of projects and the largest share of total program savings,
delivering 11,847,265 kWh of annual electricity savings and 970 kW of peak demand reduction. Wireless
HVAC projects typically had the shortest payback periods and despite constituting less than a quarter of
all ETAP retrofits, contributed almost 39% of the program's total electricity savings and 100% of total
natural gas savings.

Table 3. ETAP Technical Services — Total Program Outcomes

PRIMARY PROJECT TECHNOLOGY

Wireless Wireless

Bi-Level Lighting HVAC PROGRAM
METRIC Lighting Controls Controls TOTALS
Number of Audits Completed 183 63 58 304
Number of Retrofits Completed 71 16 27 114
Number of Projects Monitored 38 10 6 54
Rebates Issued ($) $1,851,860  $415,675 $1,126,557 $3,394,092
Annual Electricity Savings (kWh) 11,847,265 2,238,102 8,950,180 23,035,547
Annual Natural Gas Savings (therms) 0 0 948,018 948,018
Peak Demand Reduction (kW) 970 216 160 1,346

Table 4. ETAP Technical Services — Median Project Outcomes

PRIMARY PROJECT TECHNOLOGY
Wireless Wireless

Bi-Level Lighting HVAC PROGRAM

Lighting Controls Controls MEDIAN

Median Project Cost ($)* $65,009 $156,446 $62,290 $70,072

Median Project Rebate ($) $15,400 $20,377 $20,274 $17,000

Median Payback (years) 3.71 6.63 1.93 3.74

Estimated Measure Life (years) 9-10 8 12-15 >8

Median Peak Power Reduction (kW) 3.10 14.10 1.10 3.35
Median Annual Energy Savings

Electricity Savings (kWh) 62,393 101,052 87,394 88,191

Natural Gas Savings (therms) 0 0 6,989 0

*Project cost before utility and ETAP rebates, but excluding internal costs

BENEFITS OF CONTROLS

ETAP focused its support on advanced control technologies. Every ETAP project included the installation
of qualified products that provide facility managers with greater control over building energy
consumption. In some cases projects also included the installation of non-control equipment that
delivered energy savings. For example, some bi-level lighting projects also included the installation of
more efficient light fixtures that facility managers did not wish to place under the control of an
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occupancy sensor. To better understand the effects of controls themselves on program savings, ETAP
disaggregated the sources of savings in each project.

Table 5 shows the program savings and peak demand reduction for each technology that are
attributable to controls. Controls accounted for 22% of the energy savings and 16% of the peak demand
reduction associated with bi-level projects, with the balance attributable to the installation of more
efficient light sources. For wireless lighting controls projects, nearly half of energy savings, but only a
quarter of peak demand reduction, were due specifically to controls, with the remainder due to more
efficient light sources. Nearly all of energy savings and peak demand reduction in wireless HVAC controls
projects were due to controls.

Table 5. Total Energy Savings and Peak Demand Reduction Attributed to Controls

PRIMARY PROJECT TECHNOLOGY

Bi-Level Lighting Wireless Ltg Cntls Wireless HVAC Controls
Source of kw kWh kw kWh kw kWh therms
Savings
Controls 154.20 2,642,140 54.24 1,034,902 146.50 8,513,014 884,904
Other 815.56 9,205,125 162.42 1,203,200 13.53 437,166 63,114
Total 969.76 11,847,265 216.66 2,238,102 160.03 8,950,180 948,018
Controls % 16% 22% 25% 46% 92% 95% 93%

ADVANCED EQUIPMENT

ETAP evaluated twelve advanced wireless lighting and HVAC control products for eligibility for ETAP
rebates. Of these, ETAP approved seven wireless lighting control products, and two wireless HVAC
products. In some cases, equipment that did not qualify for targeted ETAP technical support
nevertheless contributed to the total energy savings delivered by a project. Such equipment, such as
photocell controls, did not qualify for ETAP technical support because it was not deemed sufficiently
“advanced” to be consistent with ETAP’s focus on cutting-edge technologies with low market
penetration. However, ETAP calculated rebates for wireless lighting and wireless HVAC controls projects
based on the total energy savings captured by a project, including those savings resulting from the
installation of a product not specifically targeted for ETAP technical support.

To better understand the role of the advanced products that qualified for ETAP technical services in
delivering program savings, ETAP disaggregated the sources of savings for each project (see Table 6).
Advanced equipment captured the vast majority of the project energy savings and peak demand
reduction delivered by all technology types.

Table 6. Total Energy Savings and Peak Demand Reduction Attributed to Advanced Equipment

PRIMARY PROJECT TECHNOLOGY
Bi-Level Lighting Wireless Ltg Cntls Wireless HVAC Controls
Source of Savings kw kWh kw kWh kw kWh therms

Advanced Equip. 837.79 10,597,651 216.66 2,215,633 150.27 8,493,038 876,401

Other Equipment 131.97 1,249,614 0.00 22,469 9.76 457,142 71,617

Total 969.76 11,847,265 216.66 2,238,102 160.03 8,950,180 948,018

Advanced % 86% 89% 100% 99% 94% 95% 92%
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Marketing

ETAP’s high quality case studies, fact sheets, website, brochure, and press releases served to
disseminate useful technical information about advanced lighting and HVAC technologies to the target
market.

Marketing Activities

ETAP’s marketing activities consisted primarily of the production of program collateral, including case
studies, fact sheets, a website, a brochure, and press releases.

Through its marketing activities, ETAP sought to increase the availability of information about the
targeted program technologies as well as attract potential participants to the program. As a part of its
marketing activities, ETAP developed a unique logo in compliance with the Energy Upgrade California
brand usage and style guide and deployed it on most program materials. At the Energy Commission's
request, a modified logo emphasizing the Energy Upgrade California brand was used on case studies.

Marketing Outcomes

Key outcomes of ETAP's marketing activities are described below. For a summary of marketing
performance metrics, see Section 2: Goals. For additional details about marketing materials, please see
Section 5: Technology. For information about specific contract deliverables, please see Section 6:
Deliverables.

CASE STUDIES AND FACT SHEETS

ETAP designed and produced eight four-page case studies highlighting retrofit projects that were
supported by ETAP technical and financial assistance. ETAP printed 500 hard copies of each case study.
ETAP distributed both hard and electronic versions of the case study to a wide range of local
government, utility, energy, educational, governmental and nonprofit organizations and contacts. ETAP
posted all case studies to the program website.

ETAP also designed and produced a single page, double sided fact sheet on describing each of the three
primary supported technologies (bi-level lighting, wireless lighting controls, and wireless HVAC controls).
The fact sheets included sample energy savings and financial calculations as well as references to
additional information. ETAP printed 485 copies of each and distributed them at kickoff meetings with
participants, seminars, and other events. ETAP also posted the fact sheets to the ETAP website.

ETAP WEBSITE

A comprehensive program website provided program information, regular updates on
accomplishments, downloadable resources including case studies and fact sheets, and links to third
party resources and partners. For public reference, the program website will continue to be accessible
after program closeout at: www.energy-solution.com/etap.

ARRA SEP Final Report: Energy Technology Assistance Program (ETAP) Page 13





ETAP BROCHURE

ETAP designed a color, tri-fold brochure. The brochure was available for download from the program
website and 515 copies were professionally printed and distributed at technology seminars, outreach
presentations, kick-off meetings, and at other suitable events.

PRESS RELEASES

ETAP developed four press releases either independently or jointly with participating agencies or
partners. ETAP distributed press releases in accordance with the preference and resources of its
collaborating partners and posted them to the ETAP website. Qualified technology vendors produced
and distributed two additional press releases that highlighted the ETAP rebates, for which minimal
review was provided.

Workforce Development

ETAP’s workforce development activities included developing and conducting technology seminars
targeting public sector agencies throughout the State of California, supporting trainings on the ETAP
technologies for lighting and HVAC contractors, and offering internships to students that were enrolled
or recently graduated from energy efficiency training programs at Laney College and the Workforce
Institute.

Workforce Development Activities
TECHNOLOGY SEMINARS

"This was a great event! The presentations and case studies were both valuable. The case studies
really clued me in to who my organization should network with."

"Good cross-section of speakers and topics."

"Case studies to support overall program show it can be done with good results."

"The case studies relate to current projects my organization is working on."

-Sample written comments provided by attendees of ETAP Technology Seminars on feedback forms

Energy Solutions hosted six Technology Seminars throughout the course of the program. The Seminars
gave public sector staff an opportunity to learn about projects and programs other agencies in the
region have completed. Participants also learned about financing options and technical services
available to agencies who were implementing efficiency retrofits.

ETAP invited guest speakers from cities, counties, schools, non-profits, and utilities to present at
seminars. Presentation topics included:

e (Case studies on ETAP technologies, LED streetlighting, server virtualization, and renewable
energy installations, and other topics;

e Renewable and energy efficiency financing options including power purchase agreements, on-
bill financing, and bond financing;
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e Collaborative procurements;

e  Utility services;

e Demand response opportunities; and
e Achieving zero net energy buildings.

Presentations from the Technology Seminars are available on the ETAP website (http://energy-
solution.com/etap/training/tech-seminar-presentations/) and will be provided to the Energy
Commission at program closeout.

LIGHTING TRAININGS

The California Advance Lighting Controls Training Program (CALCTP) is a well-established program that
offers 50 hour trainings to certified electricians on the installation and commissioning of advanced
lighting systems. ETAP supported an update to the CALCTP curriculum to add relevant information about
wireless lighting controls. The California Lighting Technology Center updated curriculum, which is now
being taught to electricians throughout the state.

ETAP also funded 40 under-employed or unemployed electricians to complete the CALCTP training. To
help increase the chances that the CALCTP training would lead to job opportunities, ETAP and its
partners sponsored training events in regions where advanced lighting projects were known to be under
development.

HVAC CONTROLS TRAININGS

ETAP hosted two courses focusing on Vigilent’s wireless Discharge Air Regulation Technique (DART)
system. The courses introduced participants to the fundamental concepts and skills needed to design
and install Vigilent’s DART system. Attendees learned the basic principles of wireless controls and how
wireless sensors can be used to increase HVAC energy efficiency in buildings. Vigilent’s technical experts
developed the course material and taught the courses.

INTERNSHIP PROGRAM

“Energy Solutions was a great follow-up to a green job training | received at Laney College. | have
nothing but positive things to say about the experience, Thank you.”

—ETAP Intern #1, from anonymous feedback form

“I like the Energy Solutions mentality: focus and action that is the way to improve energy efficiency
and life. However, three months were a little bit short to me. It would be great to work a few more
months.”

— ETAP Intern #2, from anonymous feedback form

ETAP developed and implemented an internship program for students enrolled or recently graduated
from particular energy efficiency training programs at Laney College and the Workforce Institute.” The
internship supplemented students’ formal classroom education with on-job training. At the beginning of
their internship, each student participated in one full-day training where they received an introduction

® The Workforce Institute is a division the San Jose Evergreen Community College District
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to the energy efficiency market in California and Energy Solutions’ role in the market. This training
provided valuable background information on the market through the lens of a consulting firm. Interns
also learned about ETAP, the technologies ETAP supports, and how Energy Solutions implements ETAP.

During the three-month long internship, participants worked closely with their Energy Solutions mentors
to research a topic relevant to ETAP or Energy Solutions. On their last day, interns presented the findings
from their capstone projects to Energy Solutions’ staff. The capstone projects granted interns the
opportunity to work closely with a mentor, hone their research skills, and practice presenting to a large
group. The capstone topics included classifying financing options that can be used to implement
efficiency projects, detecting agencies with buildings well suited for bi-level lighting retrofits, and
identifying potential markets for upstream HVAC incentive programs. Interns also had the chance to
participate in ETAP-related meetings and audits and helped staff the ETAP Technology Seminars.

Workforce Development Outcomes

Table 7 presents the date and location of each ETAP-sponsored workforce development event along
with the number of people who participated in each event.

ETAP received positive feedback from participants at all of the workforce development events. In
general, participants indicated the content of ETAP Technology Seminars and trainings valuable and
relevant. Technology Seminar participants seemed to find the case studies and information about
project financing most useful. Participants in the HVAC trainings found the hands-on learning
opportunities most useful. The ETAP internship helped prepared interns for a career in energy
efficiency. At least half of the ETAP interns went on to receive paid internships or jobs after their ETAP
internship ended.
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Table 7. ETAP Workforce Development Activities — Date, Location, Number Trained

. Trainees or
Event Date Location .
Participants
ETAP Technology Seminars
Seminar #1 Apr 26, 2011 Sacramento 10
Seminar #2 Jun 15, 2011 Oakland 49
Seminar #3 Jun 23, 2011 Statewide Call 53
Seminar #4 Jul 21, 2011 San Diego 46
Seminar #5 Aug 24, 2011 Los Angeles 23
Seminar #6 Feb 23, 2012 Oakland 48
Subtotal: 181
Lighting Trainings
CALCTP Training #1 Feb 2011 Sacramento Area 7
CALCTP Training #2 Apr 2011 Alameda County 11
CALCTP Training #3 May 2011 Tri-Counties Castroville 4
CALCTP Training #4 Jul 2011 Orange County 6
CALCTP Training #5 Jul 2011 Los Angeles 6
CALCTP Training #6 Oct 2011 Tri-Counties Castroville 1
CALCTP Training #7 Feb 2012 Sacramento Area 5
Subtotal: 40
HVAC Controls Training
HVAC Training #1 Aug 15-16, 2011 Oakland 14
HVAC Training #2 Aug 31, 2011 San Diego 12
Subtotal: 26
ETAP Internship
Cohort #1 Feb — Apr 2011 Oakland 3
Cohort #2 Jun—Aug 2011 Oakland 1
Subtotal: 4
TOTAL ALL TRAININGS: 251

Program Administration and Management

“Participating in Energy Solutions’ ETAP Program was a pleasure for the City of Anaheim. The ETAP
program was effectively designed; and the Energy Solutions team communicated all the necessary
steps in such an efficient manner that we were able to get our bi-level lighting project installed and
rebated in 3 months. This is a very quick timeframe compared to the City’s typical process and

demonstrates the highly effective program design and service delivery offered by the Energy

Solutions team.”

— Wendy Deleon, Business Expansion/Retention Specialist, City of Anaheim

ETAP performed the program administration and management activities necessary to ensure
widespread and successful participation from Agencies, as well as effective service delivery from
program staff. The program’s effective management and organizational structure resulted in the
successful achievement of all of the ETAP’s goals.
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General Activities and Outcomes

Administration and management activities included communicating with the Energy Commission
Contract Manager, preparing and delivering regular monthly and ad-hoc program performance reports
requested by the Energy Commission, the Department of Energy, and other organizations, developing
and managing the program budget, developing and implementing program strategies and policies,
developing and maintaining the program performance tracking database, coordinating with utility
incentive programs, managing risks, and ensuring accomplishment of all program goals.

One major outcome of ETAP’s administration and management activities apart from the overall program
accomplishments was the development of a performance tracking database. The ETAP database
provided detailed, phase-specific information at the measure, project, customer, and program levels,
facilitating communications among program staff about project status as well as enabling reporting
required by the Energy Commission and the Department of Energy. The database will be provided to the
Energy Commission as a part of program closeout.

Utility Coordination Activities and Outcomes

In order to best facilitate utility incentives for ETAP projects, ETAP staff worked with engineering and
program management staff at the following utility companies:

e Pacific Gas and Electric (PG&E);

e Southern California Edison (SCE);

e Sacramento Municipal Utility District (SMUD);
e San Diego Gas & Electric (SDG&E); and

e Southern California Gas (SCG).

ETAP coordinated with these utilities to familiarize their staff with ETAP measures and methods for
analyzing energy and cost savings. A notable outcome of this ETAP activity was that utility incentive
programs and the engineering resources that support these incentive programs were given technical
training and support on the advanced technologies and products approved for ETAP that in most cases
were not vetted or approved for utility incentives prior to ETAP’s involvement. This ETAP activity also
helped to streamline the utilities’ evaluation and approval of incentive applications that were submitted
for projects that also received ETAP rebates.

ETAP's utility coordination efforts included:

e In-person meetings to review ETAP services, technologies, approved products, and program
requirements;

e Phone conferences with utility engineering staff to discuss the details of ETAP calculation tools;

e Regular check-ins with utility program management staff regarding the progress of ETAP
projects in each utility territory;

e Assistance with utility rebate application forms; and

e Follow up discussions on project-specific ETAP savings calculations.
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(4) CONCLUSIONS

“I give Energy Solutions and the ETAP program an ‘A’ for the university’s overall experience working
with them. | have worked with many rebate programs, and ETAP was by far one of the best rebate
programs that we’ve participated in. The Energy Solutions team was very well organized and
provided just the right amount of technical and administrative rigor to the project reviews and
program processes to ensure that tax payer money was spent properly; yet did not burden us with
unnecessary requirements that would have slowed down our project implementation. We simply
couldn’t have completed these projects without the ETAP program.”

--Glen Brandenburg, Sustainability Advisor, Associated Students of San Diego State University

ETAP successfully demonstrated that advanced control technologies represent a significant energy
savings opportunity for institutional and commercial buildings. The demand for advanced control
products was extremely strong: an $850,000 increase in the program's rebate budget was easily
absorbed by participating organizations wishing to installed qualified projects. Participating
organizations captured a total of 23,035,547 kWh, 948,018 therms in annual energy savings, reducing
peak demand by 1,346 kW and saving $3,370,000 per year in energy and maintenance costs. With
measure lives of at least eight years and median payback of 3.74 years, the cost savings these projects
deliver will continue to provide financial benefits to local cities, counties, universities, and nonprofit
organizations long after the retrofits are fully paid. ETAP used rebates totaling $3.4 million to leverage
an additional $17.9 million into the state and national economies. The leveraged funding sources
included utility incentives, participants’ internal capital funds, revenue bonds, dedicated energy project
funds, and federal block grants. The total impact of over $21.2 million of spending resulted in a net
creation or retention of at least 350 jobs.!

ETAP implemented four primary activities: technical services, rebates, marketing, and workforce
development. Additional administration and management activities supported, integrated, and directed
all program operations. The sections below describe the major findings, lessons learned, and best
practices for each of ETAP’s primary activities. Future programs targeting goals similar to ETAP's may
benefit from these findings.

Technical Services
Specification, Vendor Coordination and Scope of Program Services

Major Finding: The complexity and novelty of controls technologies and nuanced variations in products
and product combinations posed a challenge to many staff- and resource-limited program participants.
Ensuring that the proper equipment was correctly specified, ordered, installed, and configured required
greater effort from ETAP staff than originally planned. ETAP staff's combination of technical expertise
and neutrality with respect to the implementation parties positioned them to understand and
coordinate the actions of vendors or contractors. In this capacity, ETAP helped parties avoid
miscommunications that could have caused costly delays or project cancellations.

Lesson Learned/Best Practice: Programs focused on promoting the installation of advanced control
technologies should explicitly include owner’s representative support including specification,
procurement, and project management in the scope of services offered to participating organizations.
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Neutral, Third-Party Product Certification Bodies

Major Finding: Using the qualified product list maintained by Design Lights Consortium?® (DLC) in order
to qualify bi-level LED products saved ETAP time and staff resources. In certain cases, however, delays in
the DLC certification process posed a performance risk to ETAP and necessitated ETAP’s independent
review of product testing data.

Lesson Learned/Best Practice: Neutral certification bodies should be the default standard for product
eligibility determinations, but a streamlined internal qualification procedure should also be used to
avoid bottlenecks outside of the program’s control.

Project Site Information

Major Finding: ETAP noticed significant variability in the quality of information provided by participating
organizations that could significantly affect ETAP’s estimates of energy savings and evaluations of
project feasibility. Even within participating organizations, information about existing equipment,
operating hours, and other site-specific data provided by project managers was sometimes different
from that provided by end-users or building managers.

Lesson Learned/Best Practice: Program technical staff should visit each facility being evaluated for
program inclusion, even if detailed facility information is available from customer staff or building
documents.

Risks of Partnering With Startup Companies

Major Finding: The fast-paced market for “clean tech” and energy efficiency technologies requires that
companies respond quickly to market needs and competitive pressures. Energy efficiency programs that
partner with young technology companies are exposed to the risk that elements of the program design
may become difficult to implement as a result of shifting business strategies.

Best Practice/Lesson Learned: Energy efficiency programs involving partnerships with startup
companies should include in the program design a framework for adapting the program design and
contractual deliverables to known or unforeseeable risks associated with the startup companies’
business plans and market conditions.

Marketing
Co-Branding and Program Logo Development

Major Finding: One challenge during the development of marketing materials was the lack of well-
defined branding guidelines for non-residential programs that fell under the Energy Upgrade California
branding umbrella. When ETAP was developing its logo and brand at the outset of the program, only the
Energy Upgrade California residential design guidelines were complete. ETAP was the first non-
residential, non-commercial program that was to be co-branded with Energy Upgrade California. Due to

® Design Lights Consortium is collaboration of utility companies and regional energy efficiency organizations. For more information see:
www.designlights.org.
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ETAP’s unique target market, there was some confusion as to how similar or unique the ETAP logo and
brand should be from the residential Energy Upgrade California brand.

Lesson Learned/Best Practice: Co-branding guidelines would ideally be available at program
commencement.

Project Sampling for Case Studies

Major Finding: The challenge of developing a balanced portfolio of case studies that reflected the
geographic, institutional, and technological diversity of installed projects was amplified by protracted
implementation schedules. The ETAP Marketing Team had to make project selections for the case
studies as early as possible in order to complete them within the program's period of performance, but
the scarcity of projects that finished early limited options.

Lesson Learned/Best Practice: If case study or project diversity is a primary program goal, programs
should include project diversity targets and milestones early in the program period of performance. For
example, the program could establish a goal of implementing a specific number of projects from each
technology type within a specific number of months from program commencement.

Workforce Development
Benefits of Partnering with Successful Workforce Training Programs

Major Finding: Partnering with existing workforce training programs was an effective way to create a
larger impact with ETAP’s resources. ETAP’s training partners (including community colleges and
CALCTP) are well established and are proficient at providing training that enable people to find jobs.
Partnering with well-established workforce training programs was an effective way to help confirm the
effectiveness of existing training initiatives and to help promote the link between training programs and
actual jobs. For example, ETAP sponsored CALCTP trainings in areas where ETAP projects were currently
underway. This means that individuals trained through ETAP could potentially help install projects that
received ETAP rebates.

Lesson Learned/Best Practice: Energy efficiency programs can achieve workforce training goals more
efficiently and cost-effectively by partnering with existing training programs with a record of success
rather than developing new training programs.

(5) TECHNOLOGY

Technology Evaluation

ETAP conducted two types of formal evaluations of the advanced technologies it supported: pre-
installation product qualification and post-installation performance evaluation. ETAP conducted product
qualification when products were submitted by Agencies as part of a proposed project. ETAP
recommended that products meeting certain eligibility criteria be approved by the Energy Commission.
The Energy Commission ultimately approved all products. After project installation, ETAP conducted
monitoring activities to evaluate the actual performance of the installed equipment.
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Through its communications with Agencies, ETAP also gained insights into technology-specific issues
related to project implementation and equipment procurement.

The following section presents the technology evaluations ETAP performed. This section is organized by
primarily technology (bi-level lighting, wireless lighting controls, and wireless HVAC controls) and
secondarily by type of evaluation (product qualification, implementation and procurement, and
performance evaluation).

The results of performance evaluations informed ETAP’s official estimates of the energy savings and
peak demand reduction delivered by the program. An overview of these results is provided in Table 1 of
Section 2: Goals and additional technology-specific details are presented in Section 3: Accomplishments.
The performance evaluation data presented in this section is more granular than that presented in
Section 2 and Section 3.

Bi-Level Lighting
BI-LEVEL LIGHTING PRODUCT QUALIFICATION

ETAP provided financial incentives for LED, fluorescent, and induction lighting technologies as listed
below. In order to qualify for ETAP incentives, all lighting technologies were controlled by occupancy
sensors that allowed for bi-level operation. ETAP generally supported fixtures that achieved a minimum
50% power reduction during vacant periods, but exceptions were made to support fixtures achieving a
lower power reduction percentage when project energy savings and cost considerations prevailed.

1. Linear fluorescent fixture and retrofits

High performance T8 lighting systems were equipped with 3™ generation high-lumen T8 lamps and extra
efficient electronic ballasts. High performance lamps and ballasts are defined (below) and listed by the
Consortium for Energy Efficiency at www.ceel.org.

High performance fluorescent lamps have a minimum color rendering index (CRI) of 80, minimum initial
lumens of 3100 and minimum mean lumens of 2900. Ballasts were required to meet the performance
standards outlined in Table 8.

T5 lamps had to meet a CRI of 282, and a minimum rated lamp life of 20,000 hours on 3 hour starts.
Ballasts must have had less than 10% THD and a power factor greater than 98%.

In addition to meeting the qualifications maintained by the CEE, both T8 and T5 lighting systems also
achieved a minimum 50% power reduction. This could be achieved with a dimming or step-dimming
ballast, or other bi-level configuration using two or more ballasts.

For customers who needed a step-dimming, high ballast factor ballast, a 50% or greater power reduction
was not possible because there are no such ballasts available. For these projects, the best solution is a
step-dimming high ballast factor ballast which achieves a 40% power reduction during vacant periods.
Using this ballast proved to be a more cost-effective option than purchasing two ballasts per fixture.
Because of these factors, fixtures with this type of ballast were given an exception and deemed eligible
for an ETAP rebate.
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Table 8. Minimum Ballast Efficacy Factor (BEF) Required by ETAP

Minimum Ballast Efficacy (BEF) By
Ballast Factor (BF) Range*
(Low, Normal, High)

Low Normal High
Ballast Type BF <0.85 0.85<BF<1.0 BF21.01
Instant Start 1 >3.08 23.11 >3.03
Instant Start 2 >1.60 >1.58 21.55
Instant Start 3 21.04 21.05 21.04
Instant Start 4 >0.79 >0.80 >0.77
Programmed Start 1 22.84 22.84 22.95
Programmed Start 2 21.48 21.47 21.51
Programmed Start 3 20.97 >1.00 >1.00
Programmed Start 4 20.76 20.75 >0.75

*BEF = BF x 100 / ballast input watts. See CEE High Performance T8 Specification, http://www.ceel.org/com/com-It/com-It-specs.pdf

2. LED Fixtures

Initially, LED were required to meet the specifications for LED fixtures in Table 9. However, the Design
Lights Consortium added new fixture categories and increased performance standards (version 1.6) in
July of 2011. ETAP subsequently adopted the new performance standards, shown in Table 10, while
continuing to allow fixtures qualified under the earlier standard. A list of products that met the LED
specifications and were considered ‘pre-approved’ for ETAP incentives was maintained by ETAP, but was
mainly populated by specific fixtures on the DesignLight Consortium’s (DLC) Qualified Product List at
www.designlights.org. These fixtures included parking garage, outdoor pole/arm mounted and all
mounted area LED luminaires.

Table 11 shows the LED fixtures that were qualified by ETAP, independently of the DLC’s list. ETAP
qualified several additional fixtures that were later included in the DLC list, those fixtures are not
included below. Independent ETAP qualification required documented results from three standard
industry tests: LM-79, LM-80, ISTMT.

Every fixture was also capable of a minimum 50% power reduction in use with an occupancy sensor. In
practice, bi-level power reduction was upwards of 66% or more for LED fixtures.

Additionally, unlike fluorescent fixtures, replacement of currently installed LED fixtures was not an
eligible measure.

LED Driver Requirements:
e Drivers shall have a minimum efficiency of 85%
e Drivers shall have a power factor (PF) of 20.90
e Drivers shall have a Total Harmonic Distortion of <20%
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Table 9. Performance Specification for LED Fixtures, Design Lights Consortium Requirements Version 1.5

Allowable CCTs

Aoblication Minimum Light  Zonal Lumen Minimum Minimum Minimum LED Lumen Minimum Luminaire
-APP Output Density Luminaire Efficacy (ANSI C78.377- CRI Maintenance at 6000hrs warranty
2008)
- =100% 0-90°2 -
Outdoor Pole/Arm-Mounted Area 1,000 L 100% 0909, 50 Im/W <6500K 50 95.80% 50,000 hours and 5

and Roadway Luminaires <10% 80-90°2

year warranty

Outdoor Pole/Arm-Mounted

50,000 hours and 5-

. . 1,000 L 95% 0-90¢2 40 Im/W <6500K 50 95.80%
Decorative Luminaires year warranty
- =100% 0-90¢, -

Outc.loo.r Wall-Mounted Area 300L 40 Im/W <6500K 50 95.80% 50,000 hours and 5

Luminaires year warranty
<10% 80-902
>=20% 60-709,

Parking Garage Luminaires 2,000 L 56 Im/W <6500K 50 95.80% 50,000 hours and 5-

>=15% 70-80¢

year warranty
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Table 10. Performance specification for LED fixtures, Design Lights Consortium Requirements Version 1.6

- Minimum LED
. Minimum Allowable .. .. ..
N Minimum Zonal Lumen .. Minimum Lumen Minimum Luminaire
Application . L Luminaire CCTs .
Light Output  Density Efficac CRI Maintenance at warranty
¥ 6000 hrs
1) Outdoor Pole/Arm-Mounted =100% 0-90¢, o 50,000 hours, 5-year
Area and Roadway Luminaires 1,0001m <10% 80-90¢ 60 Im/W 5700K >0 95.80% warranty
2) Outdoor Pole/Arm-Mounted - 5 >65%: 0-902 40 Im/W <5700K 50 95.80% 50,000 hours, 5-year
Decorative Luminaires warranty
=100% 0-908¢,
3) Ogtd'oor Wall-Mounted Area 300 Im 60 Im/W <5700K 50 95.80% 50,000 hours, 5-year
Luminaires warranty
<10% 80-90¢9
4) Bollards 500 Im 35 Im/W <6500K 50
<15%: 90-1109 R
95.80% 50,000 hours, 5-year
warranty
0%: >1102
5) Wall-wash Luminaires 575 Im >50%: 20-40° 40 Im/W <5000K 50 95.80% 50,000 hours, 5-year

warranty

>30% 60-802,
6) Parking Garage Luminaires 2,000 Im 60 Im/W <5700K 50 95.80%
<25% 70-80°

50,000 hours, 5-year
warranty

" Zonal lumen densities shown are ideal for fixtures in these applications, but there may be circumstances in which project considerations or preferences diminish the importance of meeting zonal
lumen density target values
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Table 11. LED Fixtures Qualified by Energy Solutions for ETAP Rebates

System Lumens
Manufacturer Series Model Number  Application Watts Lumens per Watt
XPG3 5 LED 68 Parking
LSI XPG 3 350 CW UE Garage 79 4380 55
XPG3 5 LED 50 Parking
LSI XPG3 350 CW UE Garage 59 3775 64
Lunera 2200 2x2 2200 Parking 57 3569 63
Grid Lay-In Garage

3. Induction Product Qualifications

Induction technologies have been evaluated in ETAP on a case-by-case basis, with only a handful of
fixtures pre-qualified (see Table 12). Like all other eligible ETAP technologies, induction equipment was
capable of a minimum of 50% power reduction with bi-level controls. Replacing installed induction
fixtures was not an eligible measure. ETAP requirements for induction fixtures were based on the draft
performance standards of the Department of Energy’s Commercial Building Energy Alliance (CBEA) for
induction fixtures

Induction Lamp Requirements:

e Produce at least 3,500 lumens (initial) when measured on a reference generator

e A CCT between 3,000 — 5,000 K

A CRI of 280

Lamp Lumen Depreciation (LLD) shall be 80% or greater at 40,000 hours

Induction Generator Requirements:

Generators shall have a minimum efficiency of 85%

e Generators shall have a power factor (PF) of 20.90

e Generators shall have a Total Harmonic Distortion of <20%

e Input voltage: capable of 120 to 480 volts, single phase or as required by site

e Generators shall be Class A noise rated

e Generators shall comply with FCC 47 cfr part 18 non-consumer RFI/EMI standards

e Generators shall be Reduction of Hazardous Substances (RoHS) compliant. (see
http://www.rohs.eu/english/index.html )

e Generators shall have a minimum starting temperature of -18° C (0" F)

e Fixture Requirements:

e The luminaire shall produce a minimum of 20% of total output in the 60° to 70° vertical zones

e Luminaires shall have a TER greater than 30

e The luminaire shall have an initial luminaire efficacy greater than 60 LPW

e Controls must be capable of reducing power by a minimum of 50%
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Table 12. Induction Fixtures Eligible for ETAP Rebates

System Lumens
Manufacturer Series Model Number Application  Watts Lumens per Watt
Everlast USGarage . cis.Ec-70W-BL Garage 83 5674 69
Srfc Mtd Fixture
Everlast USGarage . ris.ec-8ow-BL Garage 90 6840 76
Srfc Mtd Fixture
Everlast USGarage i rijs ec-100W-BL Garage 118 8047 68
Srfc Mtd Fixture
Everlast smartLight ¢ s e 70w-8L Pole Mount g 4928 63
Series Cobra Head
Everlast Smart Light ¢ js ec100w-BL Pole Mount || 7743 70
Series Cobra Head
Everlast SmartLight ¢ s £ 120w-BL Pole Mount 5, 8673 65
Series Cobra Head
DECO D511ib D511ib-95-50-UNI-DL  >2raee 107 7096 66
Fixture

BI-LEVEL LIGHTING — IMPLEMENTATION AND PROCUREMENT CHALLENGES

Market Acceptance of Bi-Level Technology

A key challenge to implementing bi-level projects was skepticism about the suitability of bi-level lighting
in parking areas. Since bi-level lighting in parking areas is a relatively new concept, there were very few
existing bi-level facilities to use as a reference for Agencies who had hoped to see a completed project
prior to installing their own.

As the program progressed and more projects were installed, the Technical Team was able to direct
Agencies to completed facilities to help inform their own project decisions.

Agency viewpoints on the safety implications of bi-level lighting fell into two broad camps. Some
Agencies were concerned with the prospect of reducing a fixture’s light output, but others saw the
"signaling" feature of occupancy sensors as an advantage. These viewpoints are summarized below:

e Decreases Safety - This school of thought holds that the decrease in light levels when fixtures
are in low-power mode may provide cover for increased criminal activity.

* Increases Safety — This school of thought suggests that since movements within a garage would
cause a change in light levels, users would actually benefit from an increase in information
about current or recent activity around them.

In most cases, low-power lighting quality was much better than expected, helping to further justify the
case that bi-level lighting may actually improve safety. Even in low output operation, new bi-level
fixtures often improve lighting uniformity, which is a key measure of lighting quality. The improvement
in uniformity was particularly evident when new LED fixtures were installed.
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Evolution of LED Technology and Lag in Qualification Process

LED technology continues to advance at a fast pace, and manufacturers are constantly creating new
products to take advantage of the latest technology. While this is excellent for the technology as a
whole, it does pose a challenge when it comes to the qualification of the new products.

As discussed earlier in this report, ETAP relies mainly on the Design Lights Consortium as a source for a
qualified product list. Having one industry entity be responsible for maintaining a qualified products list
allows programs such as ETAP to be more cost effective as they do not need to devote valuable
resources to this task. However, the downside of having a single gateway for qualification is that it
presents an opportunity for bottleneck.

The actual process of qualifying LED products is fairly complex and requires three separate tests to
determine if the product meets the minimum performance standards. Often, manufactures have a lag
in their product testing data due to the necessity for each chip and driver configuration to be tested
separately.

Lack of Certification Body for Induction Fixtures

Unlike LED fixtures, there is not a central neutral entity responsible for the qualification of induction
fixtures. ETAP adopted the draft performance standards of the Department of Energy’s Commercial
Building Energy Alliance (CBEA) for induction fixtures.

The lack of a reputable quality control process made it difficult for ETAP to qualify induction products in
house as test reports were difficult to obtain and often not conducted by third party testing
laboratories. ETAP was only able to qualify induction fixtures from two manufacturers.

Agencies often find it helpful to require that a product be listed as pre-qualified for utilityincentives (or
other standard) in their bid documents. This gives the Agency an added level of certainty that they are
selected a quality product. This is not currently possible for induction fixtures, and ETAP was only able
to provide a limited list of options for induction fixtures.

Variability in Bi-level Project Costs

The variation in costs across projects with similar profiles presented a challenge. Variation in product
costs for LEDs was the most prevalent throughout the program. It was not uncommon to see prices
upwards of 50% higher or lower than the estimates used in ETAP's Audit Reports. Figure 1 below shows
a scatter plot of price estimates used by ETAP for LED fixtures at various wattages overlaid with the
actual per fixture costs taken from invoices after project completion. It should be noted the prices
reflect material costs only.
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Figure 1. Estimated and Actual Material Costs of Bi-Level LED Fixtures in ETAP Projects.

While actual LED prices varied considerably, ETAP’s estimates remained conservative on average,
overestimating costs roughly 65% of the time. However, when looking at the lines of best fit (dotted
lines) you can see that the slope of the line for the Actual Invoice Prices is larger than line slope the ETAP
Price Estimates. This results in ETAP’s prices for higher wattage LEDs to be underestimates in some
cases.

The reasons for the price differences are poorly understood, but they are most likely due to differences
in supply chain and markup practices. In some cases, participants purchased LEDs almost “direct” from
the LED manufacturer (passing through distribution, but potentially with very little markup). In other
cases participants purchased products through a contractor, who sourced the equipment from a
distributor. The second case allowed for markup at two different points (distribution and the
contractor).

Additional causes of LED price variability include:

e Technology still relatively young — many manufacturers are only on the first or second
generation of the design. As the industry becomes more familiar and mature in the design and
roll-out process for new LED fixtures you can expect manufactures to have less variability in
their price models.

e Variability in quality —Construction, design and the extent to which an LED is “custom” ordered
may impact price. Some manufacturers may offer many distribution types, color temperatures,
and drive currents while others are limited to one or two options.

e Variability in raw material requirements — Components such as the LED chip that is used,
internal circuitry, housing/heat-sink material, and controls specifications may impact fixture
prices.

As a result of the variability in LED prices as well as installation costs, it was difficult to provide
participants with an accurate financial picture of a proposed project without understanding the
participant’s procurement process and soliciting bids for a specific fixture type.
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Specification and Installation Complexity

Bi-level fixtures must be specified and wired correctly to ensure reliable bi-level operation For example,
in fluorescent fixtures, bi-level operation can be achieved through the use of a bi-level ballast, or
multiple ballasts each controlling a some of the lamps in a fixture. In addition, factors such as operating
temperature, ballast and lamp compatibility and the desired light output should all be considered. This
added level of complexity in a bi-level fixture’s specification creates additional opportunities for
mistakes to be made throughout the procurement process.

Challenges with RFQ Procurements

A Request for Quote (RFQ) strategy was generally used by Agencies that were limited by resources and
time. An RFQ procurement strategy has the least inclusive scope to be completed by the contractor and
requires that the Agency self-specify the products to be ordered and installed.

Using an RFQ strategy could save time and costs, as Agencies are evaluating contractor proposals that
include a consistent fixture and are not paying the contractor for the design and specification of that
fixture. However, we found that in some cases, the RFQ process can add more challenges to a project
than benefits. This is due to a number of factors, the first being that if contractors are only soliciting
pricing for one manufacturer’s product, the Agency is not realizing the savings from different fixture
manufacturers competing on a low cost basis. The second factor is that Agency staff are often not well
versed on sophisticated lighting technology and sometimes do not have the knowledge base to develop
a complete and quality specification.

Some projects improved the procurement process by separating procurement of controls, fixtures, and
labor into separate contracts and purchases. The challenge of that approach is that if the controls
vendor is not involved in the installation of their equipment, so the contractor may have issues
understanding and installing the controls unless they are well trained and the controls scope is well
defined.

BI-LEVEL LIGHTING LESSONS LEARNED-TECHNOLOGY

Throughout the life of the ETAP program, the Bi-Level Technical Team became increasingly familiar with
various considerations associated with the different technologies utilized in bi-level projects. Below are
brief discussions of the lessons learned related to each technology type.

Induction

It was evident throughout the program that there was relatively low market interest in implementing
induction lighting technology. In fact, there were no induction projects rebated under the program.

There are several factors leading to the lack of interest in this technology, some of which are listed
below.

e Induction fixtures were found to be only marginally less costly than LEDs. Cost differences
around 10% between comparable LED and induction fixtures were seen across contractor
proposals.
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e Negative buzz in the industry about existing induction fixtures likely lessened Agency interests in
the technology. Some lighting industry experts view induction as mature technology that will
probably soon be obsolete.

e Lack of industry standards surrounding manufacturer claims on lifetime and performance
reduces market confidence in the technology (see earlier section on implementation
challenges).

e There is a relatively small range of induction products (compared to LEDs). Inherently, this gives
LED lighting an advantage as it can be used in an extremely wide range of applications.

Induction lighting may be reaching (or may have already reached) its technological limits and the
industry at large is more focused on developing applications for LED technology. Although induction
retrofits are still a proven energy saving strategy, as the LED industry continues to advance, the gap in
technologies may widen to the point where this is no longer the case.

15

Like induction fixtures, T5’s were a lesser-utilized technology throughout the program, although there
were a few ETAP-supported T5 projects installed. Some possible reasons for the low uptake of T5
technology are listed below.

o The market for T8 fixtures is larger, with more outdoor-appropriate fixtures and ordering
options.

e For facilities managers, it is easiest to stock the same lamps for many facilities (most facilities
are equipped with T8s.

e Energy savings from T5 fixtures are generally not as high as with T8s or LEDs.

e LEDs generally outperform linear fluorescent fixtures (T5 and T8) in pole mounted applications
due to superior light distribution, and increased maintenance savings.

ETAP’s experience with T5 technology remained fairly limited, as the majority of our bi-level projects
were able to utilize a more financially attractive technology option.

T8

Extra efficient fluorescent T8 fixtures were one of the most common technologies installed in ETAP
parking garage projects. This gave ETAP Technical staff considerable exposure to projects that used T8
products for exterior bi-level applications. Some key lessons learned regarding the technology are listed
below:

e Some lamps and ballasts are not well-suited to lower temperatures common at parking facilities.
Site temperatures and recommended operating temperature of the equipment should be
reviewed carefully. In several instances, ETAP Project Leads reviewed proposals which did not
consider the recommended operating temperature of the equipment, which could lead to
premature failures if left uncorrected.

e There are limited bi-level ballast options on the market. For example, there are no single lamp
bi-level ballasts on the market - which would make an excellent fit in a stairwell fixture. There
are also fewer bi-level ballast choices at low or high ballast factors.

ARRA SEP Final Report: Energy Technology Assistance Program (ETAP) Page 31





LE

Bi-Level LED fixtures were also among the most common type of fixtures installed in both parking garage
project and parking lot ETAP projects.

e Customers were generally happy with reducing light levels to less than 50% power in low-mode.
In assessing the installation of projects in which LED fixtures were dimmed to less than 50%
(sometimes as low as 10%) ETAP recognized that light levels were often better than expected
and not perceived as leaving the area too dark or unsafe. This is primarily because LED fixtures
maintain light distribution and uniformity levels as the fixture is dimmed. Future programs may
consider methods to further encourage the adoption of aggressive dimming practices.

e A concern that was often brought up with LED projects was potential for glare from the fixtures.
Glare is sometimes a concern with LEDs because fixtures do not have lenses covering the
individual light chips - each of which is quite bright. To help overcome this issue, many products
are equipped with small hoods that cover the chips from view at certain distances. Being aware
of this early on in the project can help prevent delay of the project.

BI-LEVEL LIGHTING LESSONS LEARNED-IMPLEMENTATION AND PROCUREMENT

In addition to knowledge gained on bi-level technology and products, there were also many best
practices and lessons observed throughout the implementation of ETAP technical services, some of
which are described below.

Benefits of Expanded Scope of Technical Services

The ETAP technical services described in the ETAP program Implementation plan generally assumed that
Agency’s and their chosen contractors would be primarily responsible for providing product selection
and design specification.

In many cases, however, we found that participating Agencies required assistance in these areas in
order to move their projects forward. Although it was outside the original scope of our services, ETAP
technical staff provided advanced assistance including photometric modeling (which detailed the light
distribution for a proposed fixture) and detailed product specifications. Future programs serving public
agencies may want to consider including advanced lighting specification and bid document assistance as
part of their standard offering.

Awareness of Impacts from Special Requirements

ETAP encountered a project that required that lighting fixtures maintain the architectural styling of
Frank Lloyd Wright as it was used throughout the facility grounds. In order to satisfy this requirement,
decorative fixtures were selected which necessitated custom painting. These factors resulted in higher
than expected costs and implementation timelines when contractor proposals were submitted.

In conducting our financial analysis for the ETAP Audit Report, the technical team used standard price
assumptions for the cost of the fixtures. It was not clear at that early stage of the project how the
architectural requirements would impact the project cost, however marking up the total project cost by
a nominal percentage would have helped lessen the discrepancy between our analysis and the eventual
costs quoted to the Agency by contractors. The low quote for the fixtures came in at roughly 40% higher
than ETAP estimated costs. Developing a standard approach to this issue would be difficult as it would
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vary greatly among projects, however, being aware of this type of consideration during early phases of
the project can help mitigate the effect of any discrepancies seen later on.

Difficulties with Agencies Self-Specifying Fixtures

As discussed earlier in the Implementation Challenges section of this report, some agencies utilized an
RFQ process in which they develop their own product specification. In the future, an Agency’s
knowledge base should be given close consideration. Members of the technical staff may find it useful
to walk through a few specification examples with an Agency, discussing all of the inputs required and
information needed in order to develop a quality specification. This may give the Agency added insight
as to whether or not it would be best to pursue a procurement strategy in which they complete the
design in-house.

Advantages of Aiding in Vendor Coordination

The ETAP Technical Team was in the unique position of having unbiased relationships with vendors
involved in all phases of project implementation. These relationships include manufacturer sales
representatives, fixture distributors, and contractors. In many instances when Agencies experienced
issues with a product specifications or timing the ETAP Project Lead would be in a position to determine
a what vendor level action needed to be taken. Having these relationships is an extremely valuable
asset to a program as they can often help to avoid confusion between involved parties that can result in
the delay or sometimes even cancellation of a project.

Importance of Site Information Quality Control

The project financials that an ETAP Project Lead develops for a site rely on several pieces of information
that are collected during the screening and audit phases. Information such as operating hours and kWh
rate paid are generally provided by Agency staff members who may not be closely familiar with accurate
sources for the information. This can sometimes lead to the incorporation of erroneous data which can
inaccurately skew the analysis of the project. Project Leads should be persistent in pinning down
information where there may be a question concerning the accuracy of the data. In at least one project,
the operating hours for a facility were assumed to be 24/7 based on initial screening level information.
Later on during implementation, it was discovered that several fixtures in the facility utilized controls to
turn off during the day. Luckily this piece of information was not a large enough factor to jeopardize the
project, however, identifying Agency staff members who were closer to the management of the specific
facilities would have allowed ETAP to uncover this piece of information sooner, enabling the Agency to
make a more informed decision as to whether or not to move forward with the project.

BI-LEVEL LIGHTING PERFORMANCE EVALUATION

Overview of Results

ETAP collected bi-level monitoring data from 192 distinct fixtures in 38 different facilities. As shown in
Table 13, sampled facilities included 30 parking garages, 5 stairwells, and 3 parking lots. On average, bi-
level fixtures in garages were in low-power mode an average of 62% of the time (see Figure 2 and Table
14). During peak hours (Mon-Fri, 2-5pm), bi-level fixtures in garages were in low-power mode an
average of 38% of the time. For 70% of monitored garages, the average time that sampled fixtures were
in low-power mode was above 50%. The maximum that any garage's sampled fixtures spent in low-
power mode was 87%, while the minimum was 25%.
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Stairwell fixtures were in low-power mode an average of 81% of the time (see Table 15). During peak
hours, stairwells were in low-power mode an average of 49% of the time. Parking lot fixtures spent, on
average, 93% of the time in low-power mode. Parking lots do not have peak savings because they only
operate at night. Monitoring results for stairwells showed less variability than garages, although there
were also significantly fewer stairwells monitored than garages.

Table 13. Number of Facilities and Bi-Level Fixtures Monitored by ETAP

Facility Type Facilities Monitored Total Fixtures
Parking Garages 30 157
Stairwells 5 21
Parking Lots 3 14
Total 38 192
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Figure 2. Bi-Level Fixture Performance in Parking Garages

Table 14. Bi-Level Fixture Performance in Parking Garages by Time of Day

Peak Day Time Night Time
All Hours .
(Mon - Fri, 2-5 PM) (7 AM -7 PM) (7 PM -7 AM)
Mean 62% 38% 47% 74%
Max 87% 75% 84% 98%
Min 25% 2% 8% 30%
S.E. (% of mean) 1% 3% 3% 3%
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Table 15. Bi-Level Fixture Performance in Stairwells by Time of Day

Peak Day Time Night Time
All Hours .
(Mon - Fri, 2-5 PM) (7 AM - 7 PM) (7 PM - 7 AM)
Mean 81% 49% 66% 94%
Max 88% 63% 77% 98%
Min 71% 16% 46% 85%
S.E. (% of mean) 1% 9% 6% 2%

Discussion
Peak vs. Off-peak:

Unsurprisingly, across all building sites, fixtures spent more time in low-power mode during off-peak
hours than during peak hours. However, the results suggest that on average, fixtures still spend an
appreciable amount of the peak periods in low-power mode: 38% and 49% for garages and stairwells,
respectively. While some projects will realize very little peak savings, bi-level controls can, in the
aggregate, present an opportunity for peak demand savings.

Daytime vs. Nighttime:

While the majority of parking garage fixtures are on 24/7, some fixtures are photocell controlled and do
not operate during daylight hours. There was a substantial difference in percent of time in low-power
mode between day (7 AM — 7 PM) and night (7 PM — 7 AM).4 On average, garage fixtures were in low-
power mode for 47% of the day and 74% of the night. This variation has implications for night-only
fixtures, because they operate in low power mode roughly 12% more than a standard 24/7 fixture (74%
vs 62%). When installing photocell-controlled night-only fixtures, it is recommended that decision
makers assume a higher percent time in low-power mode than they would for a 24/7 fixture.

Stairwells saw moderate occupancy rates during the day and very low occupancy rates at night. The
maximum that any stairwell spent in low-power mode site was 88%, while the minimum was 71%. Only
three bi-level parking lot projects were monitoring as part of ETAP. Although the sample size is small, it
is clear that bi-level parking lot fixtures spend a significant amount of time in low-power mode. Parking
lots are generally only lit at night, when occupancy is very low. The maximum that any parking lot spent
in low-power mode site was 95%, while the minimum was 88%.

Garage Size

ETAP assessed the impact of garage size on the fraction of time bi-level fixtures spent in low-power
mode. ETAP categorized each garage by total fixture counts, and placed them into three categories:
small (fewer than 100 fixtures), medium (100-200), or large (more than 200). Table 16 shows the
fraction of time spent in low-power mode for small, medium, and large garages. Interestingly, little
variability was evident across facility sizes. This suggests the results reported in this study may be
broadly representative of bi-level garage lighting in general.

*7 PM — 7 AM reflects the average operating hours for a fixture with a photocell throughout the year.
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Table 16. Comparison of Bi-Level Fixture Performance in Small, Medium, and Large Garages.

MEAN FRACTION OF TIME IN LOW-POWER MODE

. Sample Peak Day Time Night Time
Garage Size . All Hours
Size (M-F2-5PM) (7ZAM-7PM) (7 PM-7 AM)
Small (0-100 fixtures) 7 67% 36% 50% 81%
Medium (100-200) 14 58% 39% 45% 68%
Large (>200) 9 65% 38% 47% 79%
Methods

ETAP used HOBO data loggers to determine whether fixtures were operating in high or low power
mode. Samples were generally taken once per minute, for a period of at least two weeks. The loggers
were installed close to the fixtures so that light from the fixtures could be clearly distinguished from day
light. For LED fixtures, the loggers were generally attached to the fixture housing. For fluorescent and
induction fixtures, loggers were placed inside the lens.

To determine the amount of time spent in high and low power modes, ETAP categorized individual light
level readings as indicative of either “high” or “low” power-mode using histograms to count the number
of logs taken at various lumen levels. ETAP determined the lumen values corresponding to high and low
power bins separately for each logger

Exceeding Maximum Measureable Light Level

The data loggers first used for monitoring could measure light levels between zero and 3,000 foot-
candles (fc). Unfortunately, light levels measured by some loggers on LED fixtures exceeded 3,000 fc.
When this happens, the logger reports the measured value as 3,000 fc. Occasionally, these results were
still useable because the low mode light levels were below 3,000 fc. Thus, all of the logs at 3000 fc
attributed to periods of high mode operation. However, during some monitoring attempts, all of the
logs were at or near 3000 fc. In these cases, the data did not produce any useful results.

Because mounting the loggers to the fixture housing is the only practical option for LED fixtures, ETAP
researched data loggers that could measure light levels above 3,000 fc. HOBO Pendant loggers were
ordered and used from that point forward for garage LED projects. The pendant loggers can measure
light levels up to 30,000 fc.

Pole-Mounted Fixtures

While the new Pendant loggers could measure higher light levels, they seemed to have trouble
measuring low light levels with accuracy. The loggers were used for a bi-level parking lot project, where
pole-mounted LEDs were installed at height of 20-25 feet. ETAP could not mount the loggers on the
fixture heads, so they were attached to the poles, about five feet below the fixtures. Although the
fixtures were turning on at night, the data showed light levels near zero every night. While light levels
exceeded zero occasionally, it was impossible to determine high and low modes in the data.
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While the older HOBO loggers seem to be accurate at lower light levels, they are not rated for outdoor
use. Ideally, data loggers that are rated for outdoor use, accurate at low light levels, and have high
resolution at low light levels would be used for parking lot monitoring projects.

Recommendations for Occupancy Assumptions in Utility Incentive Programs

According to the Statewide Customized Offering Manual (Section 2.9.5.5)°, occupancy sensors can be
used to claim a 15% reduction in operating time for fixtures in parking garages. Presumably, this means
that utilities can claim that bi-level fixtures spend 15% of the time in low power mode. However, our
monitoring results show that, on average, bi-level parking garage fixtures spend approximately 62% of
the time in low-power mode. Even the busiest garage spent, on average, over 25% of the time in low
power mode. Moreover, the abnormally long timer delay observed in that particular garage suggests
that it may provide overly conservative estimate of the savings potential for bi-level lighting.

Roughly 70% of monitored garage bi-level fixtures were in low-power mode at least 50% of the time.
ETAP’s monitoring results suggest that fixtures spend a larger percentage of nighttime hours in low
power mode (about 12% more), suggesting that even higher savings can reasonably assumed for
nighttime savings. Based on these results, ETAP recommends that utilities consider reducing assumed
occupancy levels for bi-level garage lighting in customized incentive programs.

Utilities may also wish to revisit occupancy assumptions for bi-level stairwell projects (currently 25% of
operating hours). While ETAP’s monitoring data from stairwell projects is limited, initial results suggest
that stairwell fixtures spend even more time in low-power mode than garage fixtures (on average, about
81%).

ETAP's research also suggests that some peak savings can be claimed for bi-level controls in stairwells
and garages. In the past, it was generally not acceptable to claim peak savings from occupancy controls,
since there is no guarantee that the fixture will actually be off (or in low-power mode) during peak
periods. ETAP's monitoring results suggests that bi-level projects, in aggregate, can reasonably be
assumed to deliver peak demand savings. A substantial number of monitored fixtures were in low power
mode during the peak period: 38% for garage fixtures and 49% for stairwells fixtures

BI-LEVEL LIGHTING INTEGRATED SENSOR EVALUATION

Sensor Technology

Occupancy sensors are used to detect the presence of people or in some cases vehicles. In bi-level
projects, sensors are either attached directly to fixtures (integrated occupancy sensors), or send signals
wirelessly to a fixture or group of fixtures. Depending on how the fixture is wired, the signal from the
sensor will turn the fixture on, off, or change its power level. This section focuses on occupancy sensors
used to switch bi-level fixtures from low power to high power in parking garages and stairwells. There
are three types of sensors that are can be used with bi-level parking lot, parking garage, pathway, and
stairwell projects. These sensor types include Passive Infrared, High Frequency (Ultrasonic or
Microwave), and Dual Technology sensors. A description of each technology is provided below.

> Section 2 of the Statewide Customized Offering Manual can be found here; http://www.aesc-
inc.com/download/spc/2011SPCDocs/UnifiedManual/Customized%202.0%20Energy%20Savings.pdf
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PIR Sensors

Passive Infrared (PIR) sensors are the most common sensors used in parking garages, parking lots,
pathways and stairwells. These sensors detect changes in infrared light. Humans and cars produce much
different infrared signals than stationary objects and can easily be detected when passing through the
sensors line of sight. PIR sensors come with different lenses that can be used to direct the sensors line of
sight. In most applications only one sensor, which faces the same direction as the lamp(s), is mounted
on the fixture. For example, in a parking garage the fixture and sensor face downwards. The lens would
then create a circular radius in which motion can be detected. On a wall mounted stairwell fixture the
sensor faces across the stairs and detects objects in front of the fixture. Because the lens is a point
source the radius in which the sensor can read varies as the distance from the fixture increases. The
coverage area of the same fixture with two different lenses can be seen in Figure 3 and Figure 4 below.

HBL1 Coverage Side View HBL1 Coverage Top View

Ceiling Cowerage Side View Coverage Top View

Figure 3. Sensor Coverage for WattStopper HB350 with HBL1 Lens (Source: WattStopper Pub No. 25703)
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Figure 4. Sensor Coverage for WattStopper HB350 with HBL3 Lens (Source: WattStopper Pub No. 25703)

High Frequency Ultrasonic Sensors

High frequency sensors send out ultrasonic sound waves or microwaves and then detect the time it
takes for the sound wave to return. Theses sensors rely on the presence of objects in the vicinity to
reflect the sound waves. A change in the returned sound waves trigger the switch on the sensor,
therefore the sensors are subject to false detection by air current or vibrations, making them an
undesirable option for open air environments, or for use close to HVAC ducts. Ultrasonic sensors are
often used as occupancy sensors for offices or bathrooms because they do not require direct line of
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sight in order to sense movement. The coverage area of an ultrasonic fixture can be seen in Figure 5
below.
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Figure 5. Coverage Area of Leviton OSC10-UOW Ultrasonic Ceiling-Mount Occupancy Sensor (Source: Leviton
Occupancy Sensors)

Dual Technology Sensors

Dual technology sensors use both PIR and ultrasonic sensors to detect motion. These sensors have the
advantages of both technologies. These sensors are not often used in bi-level projects because the
advanced sensing capability is not as crucial when switching from low to high light. These technologies
are usually reserved for indoor spaces where lights are switching off and on. The coverage area of a dual
technology sensor can be seen in Figure 6 below.
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Figure 6. Coverage Area of Leviton OSC 10-MOW Multi-tech Ceiling Mounted Occupancy Sensor (Source Leviton
Occupancy Sensors)
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Sensor Performance Tests

ETAP Test Procedure

In order to show the effectiveness of occupancy sensors, field tests were performed to compare actual
sensor performance to the performance shown on the sensor specifications sheet published by the
manufacturer. Multiple field tests were performed in order to capture the average activation distances
of different sensors in different field locations. The following instructions were given to testers to
capture the average activation distance of each sensor:

The tester records the fixture mount height, sensor model number, and orientation.

The tester waits for light fixture to switch to low power mode.

The tester approaches the light fixture while walking directly toward the sensor.

The tester walks at a normal rate, until the light switches to high power mode.

The tester then stops walking and measures the distance from his or hers chest, to the sensor
location using a digital laser distance measurer.

6. The tester then should repeat steps 1-4 while walking by the sensor at a multitude of different
angles and positions, as seen in Figure 7 below.
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Average Sensor Activation Distance:
Up the Ramp ———> 10.17
Walking Direction: —>
Distance to Center: 9 ft

Figure 7. Sample Sensor Readings and Average Sensor Activation Distance

Knowing the fixture mount height, the height of the tester’s chest, and the distance from the chest to
the fixture, the horizontal distance from the person to fixture can be calculated. Figure 8 illustrates how
the horizontal distance from the fixture was recorded. The average horizontal distance to the fixture
was tabulated and compared to the horizontal distance specified by the sensor manufacturer’s
specifications sheet.
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Measured Horizontal Sensor
Activation Distance: 11.2’

overage Side View

Figure 8. Calculation of Sensor Activation Distance

Test Results

Results of the field tests for garage mounted fixtures are compared to the sensors specification sheet in
Table 17 below.

Analysis of Results

Field tests show that sensor ranges can vary greatly depending on the installation site’s ceiling height,
bays, and fixture spacing. Because of the wide variation of sensor ranges and mounting heights, the
above data is not statistically significant. The results do show that further investigation needs to be
done to compare the field capabilities of sensors versus manufacturer claims for sensor detection.
These preliminary results show that sensors underperform compared to manufacturer specifications
79% of the time and perform up to specifications or over perform only 21% of the time. On average PIR
sensor underperform by approximately 66% of their stated activation range. Although some sensors
boast a range of approximately 40 feet, no installation had a consistent activation range of more than
20.8 feet. The most popular sensor type tested was the Beta LED sensor for their 304 Series garage
fixture. This sensor performed within 15% of the manufacturers projected claims at all 4 installations. It
also had the highest average activation range of any sensor at approximately 16.6 feet.

Only one high frequency sensor was tested in the field. These sensors are not popular as popular in
garages because of the possibility of false triggering. Although this one sensor did perform as the
manufacturer projected, it had did have some false triggering due to vibrations in the garage.

Parking Garage Lighting Sensor Design Considerations

Timer delays in parking garages were set to an average of 14.75 minutes. Because a majority of garages
had underperforming sensor designs, this is a reasonable time delay. The extra time at high power
allows for more users to use the fixture that has been switched to high power. Shorter time delays of 5
minutes may be recommended for garages with high performing sensor designs in order to maximize
energy savings. The determination of set delay should always be chosen by the owner and operator in
order to balance both safety and energy efficiency.
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Bi-Level Stairwell Lighting Sensor Design Considerations

Testing of stairwell projects was limited, but preliminary findings suggest that sensor capabilities are
heavily affected by stairwell layout and logger positioning. It was found that all of wall mounted PIR
sensors would activate before reaching the stairs to the landing below the fixture, but ceiling mounted
sensors would often not meet this criterion when descending the stairs. Figure 9 and Figure 10 below
illustrate why ceiling mounted sensors could underperform when people are descending stairwells.
Ultrasonic sensors were found to have optimal performance in narrow stairwells, but sometimes lacked
the necessary detection range for longer and taller stairwells.

Timer delays in stairwells were set to an average of 13 minutes. With occupants often spending less than
a minute or two in a stairwell, this average set delay will typically be significantly longer than needed. In
stairwells, a shorter time delay of one or five minutes may even greater energy savings. The
determination of timer delays should always be chosen by the owner and operator in order to balance
both safety and energy efficiency.
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Table 17. Occupancy Sensor Activation Distances in Selected Bi-Level Light Fixtures: Nominal and Measured Results

Nominal Expected Measured % of
Range at Range at Sensor Expected
Occupancy Designed Actual Designed Actual Activation Activation
Sensor Mounting  Mounting  Mounting  Mounting Distance Distance
Installation Site Model Technology Manufacturer Height Height Height Height (Average) Achieved
City of Cathedral FM-105 Ultrasonic Wattstopper 8’ 11 ~12' ~12' 12.4' 103%
Downtown Parking Garage
Ariosa HOA On Q Fixture PIR On Q Fixture N/A N/A N/A N/A 14.1' 47%
989 Franklin Garage ) ’
Calif. Inst. of Technology \pach (uB13 ens) PR Watt Stopper  10'-20' 9.5' 12' 11.5' 10.1' 88%
Holliston Parking Garage
Calif. Inst. of Technology « R , , , ,
) . HB350 (HBL3 Lens) PIR Watt Stopper 10'-20 9.5 12 11.5 8.6 74%
Holliston Parking Garage
City of Anaheim , , , , ,
. PIR-10-P PIR** Hubbel 10 9.75 20 25 7.3 29%
Convention Center Garage
City of Concord FS-305RC PIR WattStopper &' 8.5' 20 25.5' 12.4' 49%
Salvio Garage
City of Concord FS-305RC PIR WattStopper &' 8.5' 24" 25.5' 12.6' 49%
Todos Santos Garage
City of Mountain View 304 Series- , , , , , 0
City Hall Garage Parking Structure PIR Beta LED 10 115 16'-25 18.4 20.8 113%
City of Sacramento 304 Series- PIR Beta LED 10' 9.5 16'-25' 15.2' 15.5' 102%
Memorial Garage Parking Structure
City of Salinas FS-305RC PIR WattStopper ' 10' 24 30" 19.6' 65%
Salinas St. Garage
City of Santa Rosa 304 Series- PIR Beta LED 10 10 16'-25' 16’ 14.2' 89%
Garage 3 Parking Structure
CSU Long Beach 304 Series- PIR Beta LED 10' 11' 16' -25' 17.5' 16' 91%
Parking Structure 2 Parking Structure
SMUD Parking Garage XPG Occupancy PIR LS| 8-12' g 40' 40' 2 10%
Lower Level Sensor
SMUD Parking Garage XPG Occupancy PIR LS| 8-12" 12" 40’ 20’ 20.3' 50%
Upper Level Sensor
*PIR Sensitivity=85%
** PIR Sensitivity=Medium
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Figure 9. Ceiling Mounted PIR Sensor Range
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Figure 10. Wall Mounted PIR Sensor Range
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Wireless Lighting Controls
WIRELESS LIGHTING CONTROLS PRODUCT QUALIFICATION

Through the course of the program, the ETAP Technical Team reviewed a variety of wireless lighting
products to determine eligibility for ETAP rebates. The ETAP wireless lighting controls specification lists
the requirements that technologies must meet to be approved for ETAP rebates. Product review
typically included reviewing product literature, specification sheets, and case studies, and engaging with
manufacturers to request any additional information required to determine product eligibility. The main
requirements of the ETAP specification for wireless lighting controls were:

e Must include compatibility with occupancy sensors, photosensors, and occupant-controlled
wireless switches to allow for on/off, stepped dimming, or continuous dimming functions based
on detected occupancy, daylight harvesting, and/or individual control preference

e  Must permit data transmission from an interface on the central processing system and from
wireless field devices

e Must provide granular control of individual fixtures or groups of fixtures

e Must allow for robust, zonal scheduling of lighting loads

e Must be programmable and re-configurable such that controlled loads can be easily grouped to
sensors and schedules based on each controlled space’s changing lighting needs

e Must record and report fixture and system power and energy usage information

e Must have been previously demonstrated through a verifiable third-party evaluation or installed
within a California local government municipal or government buildings in operation for at least
one year

e Components must carry the appropriate safety and reliability designations

All hardware must carry a minimum three year warranty

Software must carry a warranty for a minimum of 90 days from the date of delivery

Must be compliant with OpenADR

Must not cause burdensome interference with other local RF bandwidths

e Must not add continuous load for controls power beyond 5% of maximum controlled load

Approved: Adura (Wireless Energy Management System)

Adura Technologies is a California-based manufacturer of networked lighting controls. Adura’s primary
focus is on the application of wireless control devices for the retrofit of existing commercial and
industrial facilities and parking garages. By not requiring new control wiring, Adura’s technology
provides a cost effective method to retrofit existing facilities without requiring the costly installation of
control wiring.

At the core of the Adura system is the light controller. This light controller communicates wirelessly
through radio frequency with system components such as occupancy sensors, photosensors and
individual fixtures. The light controller integrates the inputs of individual components and modifies the
lighting environment to achieve desired light levels in the most energy-efficient manner.

Approved: Lutron Quantum (Quantum Total Light Management System)
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Quantum manages both electric light and daylight, to not only save energy and simplify operations but
also improve the comfort and productivity of building occupants. Quantum prevents wasted lighting
energy by maximizing the efficient use of light in buildings. Quantum automatically dims or switches all
electric lighting and controls daylight using automated window shades. Quantum manages, monitors,
and reports on all the lighting usage in a building for optimal energy performance and productivity while
minimizing maintenance and operating costs.

Approved: Exergy (Exergy Digital Lighting Controls)

Exergy’s intelligent lighting management system allows users to:

e Streamline installation to reduce labor and material costs

e Give Users the power to select the appropriate light levels when and where needed

e Reduce lighting related energy costs by an average of 30% or more throughout the life of your
facility

e Manage peak energy usage through load shedding and demand response

Approved: Daintree

Daintree Networks makes it easy to implement, automate and manage lighting controls, using a wide
range of powerful wireless lighting control techniques. Lighting control strategies enabled by Daintree
Networks include scheduling, occupancy control, task tuning and personal control, daylight harvesting,
energy monitoring, and demand management.

Through Daintree Networks’ web-based ControlScope Manager application, facility managers set
automated and manual lighting control strategies that are applied wirelessly to individual fixtures and
zones, or across the building or large enterprise.

Other Products Evaluated:

e Lumewave — Approved for Parking Lots and Garages
e Virticus — Approved for Parking Lots and Garages

e ROAM - Approved for Parking Lots and Garages

e [llumra — Evaluation inconclusive
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WIRELESS LIGHTING CONTROLS IMPLEMENTATION CHALLENGES

Wireless Controller Integration / Ballast Compatibility

It was noted in more than one project that the reliability at startup of the fixture — level wireless lighting
controller can be an issue. For some projects, several fixture-level controllers were non-functioning out
of the box and needed to be replaced at additional cost and time. Ballast/controller compatibility may
need to be better reviewed by controls vendors as well to ensure that specified equipment works well
upon installation.

Coordination with Vendors

On new or potential projects, coordination with controls vendors can be a challenge initially. The
motivations of the ETAP team, which is driven by data collection, accuracy, and conservatism, were not
always perfectly aligned with those of the controls vendors, who are more sales driven. We found that
the definition of roles between the ETAP team and the controls representatives is important. Also, the
controls vendors are not always technically proficient in lighting design, which was a challenge in cases
where projects were addressing new controls and lighting retrofits.

WIRELESS LIGHTING CONTROLS LESSONS LEARNED

High Project Costs

In general, costs for wireless lighting controls systems is still quite high on a per-fixture or per-square
foot basis, resulting in longer paybacks than many agencies are comfortable with. Funding support
through utility and other incentive programs is still important to spur adoption of this emerging
technology.

Savings Estimates

Project energy use is best analyzed on per space type and fixture type basis, i.e. spreadsheet rows and
unique assumptions for each room and fixture type. This type of finer scale analysis, as opposed to more
generalized analysis, is harder to set-up initially but is more practical and accurate in the long term. At
the program outset, ETAP analyzed spaces at a much broader level, assuming for example that all
lighting in conference rooms behaved in one way, and all lighting in open offices behaved another way,
etc.

Baseline monitoring of lighting operation was helpful, but does not directly show how often lights are on
when space is unoccupied. An even more rigorous monitoring approach would be to use dual occupancy
and lighting monitoring data to better characterize the savings opportunity. By and large, lighting
controls savings opportunities simply involved turning lights off (or dimming) when no one is present.

Savings Strategies

Task — tuning, or “top trimming,” is an effective energy savings measure that was not expected to play
as large a role as it did in some projects. This measure effectively reduces the connected wattage of the
new lighting system, lowering light output to deliver only the maximum light levels necessary for a given
space. Several agencies took advantage of this opportunity, enabled by wireless controls.
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Implementation Players

The relationships between the controls vendor, the installation contractor, and the customer can be
complex; roles and responsibilities should be clearly outlines as far as who is responsible for addressing
issues and costs during and after installation.

Networked wireless systems can be built with a variety of topologies and communication architectures.
The definition of wireless is relatively fluid, sometimes referring only to communication between
sensors (occupancy, daylight) and switches, and sometimes referring to an all-wireless system where
light controllers, switches, sensors, and gateways are all networked wirelessly.

Determining what communication strategies are acceptable at the outset of a wireless lighting project or
program is important.

Data outputs, monitoring capabilities, trending options, etc. vary widely amongst wireless lighting
controls vendors. Generally the level of data collected in a dedicated monitoring effort is not available
from the controls system. For example, the shortest interval for hourly lighting kW averages from
Adura’s system is one hour.

Controls vendor assumptions on baseline conditions (lighting wattage and operating hours) must be
scrutinized carefully, as vendors are in the business of selling controls and may overstate the energy
savings potential of a project.

Some customers have very tight protocols around safety when working in their facilities, so thorough
coordination on auditing and monitoring visits is essential to ensure success and to manage client
relationships.

To ensure that a facility is a good opportunity for a wireless lighting controls investigation before sinking
resources into a project, information on baseline controls and lighting is best collected from an end-user
at the facility, such as on-site maintenance personnel or building managers, rather than Agency-level
administrators or energy managers. Agency — level contacts are not always aware of past lighting and
controls retrofits, and in one or more instance, screening information from agencies for individual
buildings was contradicted by site walk-throughs.

Source change savings, such as lower wattage fixtures, lamps, or ballasts, can dominate overall project
savings opportunities. Many wireless lighting projects will only be carried out in conjunction with
lighting retrofits. On the other hand, the controls vendors are not always expert in lighting retrofit
options.

WIRELESS LIGHTING CONTROLS PERFORMANCE EVALUATION

Table 18 summarizes the energy savings attributed to wireless lighting controls systems, as a fraction of
annual baseline lighting energy usage.
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Table 18. Wireless Lighting Controls Project Savings Summary

%

% Savings Savings

% Savings  from Total Annual over

from Lighting Energy Savings Baseline
Location Controls Retrofit (kwh) System
Pleasanton Library 34.7% 10.6% 141,709 kWh 45.2%
Santa Clara Sheriffs Offices 15.1% 32.4% 229,130 kWh 47.5%
Contra Costa County 1275 Hall 21.7% 33.3% 89,264 kWh 55.0%
CSU Fullerton Pathway Lighting 24.8% 40.0% 83,398 kWh 64.8%
CSU Fullerton Gymnasium 18.2% 48.0% 93,170 kWh 66.2%
UC Irvine Student Center Parking Lot 29.1% 0%* 6,027 kWh 29.1%
CSU Long Beach Hallways 19.4% 37.3% 213,154 kWh 56.7%
San Diego Museums 6.0% 56.9% 106,461 kWh 62.9%
Citrus College 28.1% 11.7% 15,581 kWh 39.8%

*No light sources were changed as a part of the project

Variability in Energy Savings From Wireless Lighting Controls

Wireless lighting controls projects delivered energy savings of 29% to 66% of annual baseline electricity
consumption, with 6% to 35% attributable to controls only (not including source change savings).

Variation is attributable to multiple factors, including the degree of sophistication of baseline lighting
controls, the wattage of the controlled lights, whether or not efficient lighting retrofits were included in
the project, and the wireless lighting controls measures implemented.

Some locations had long baseline operating hours and took advantage of simple scheduling benefits
from centralized controls, such as the CSU Long Beach Hallways project, which took 24/7 operation of
multiple hallways’ lights to operating schedules based on building occupancy profiles. Other locations
included dimming even during daytime hours, based on occupancy sensor feedback, such as the
Pleasanton Library and the San Diego museums. Dimming or lighting shut-off due to daylight harvesting
was an additional layer of energy savings achieved by other locations, such as UC Irvine Student Center
Parking Facility, the Pleasanton Library, and the lobby of the San Diego Museum of Photographic Arts.

Task tuning, or “top trimming,” was another effective measure enabled by dimming controls in some
cases. The Pleasanton Library was able to trim 26% off the wattage of most of the facility’s T-8 fixtures,
using the new wireless controls system to reduce maximum fixture output while still maintaining
adequate light levels. Still other locations included major lighting retrofits that reduced the total lighting
load significantly, such as the CSU Fullerton Gymnasium and pathway lights and Contra Costa’s
administrative building, which increased overall project savings but reduced the energy savings impacts
of the controls alone.

Some of the guidelines ETAP would recommend to sponsors of efficiency programs about structuring
wireless lighting incentive programs include:

It seems that wireless lighting controls programs need to be highly customized, rather than prescriptive
or “deemed” programs, as baseline and retrofit conditions are complex and involve many variables that

ARRA SEP Final Report: Energy Technology Assistance Program (ETAP) Page 49





are hard to quantify with standard assumptions. Each project is unique in terms of available data, so
energy calculations need to be highly tailored to each project, rather than standardized for all projects.

More, and better, information on energy savings potential in commercial / office spaces from advanced
controls measures is still necessary to build out more robust program assumptions. More published
research on savings from dimming and shut off based on occupancy sensing and daylight harvesting
would be very helpful. Additional case studies and data on these projects and projects involving task
tuning opportunities for dimmable sources (advanced fluorescent ballasts, LEDs) will help planners
design effective programs with realistic savings goals.

Also, wireless lighting controls solutions are still quite expensive, so high incentive levels may be
necessary to drive adoption at this time. Paybacks were a challenge for many of the project
opportunities reviewed. Allowing for incentives to extend to source change savings, such as fixture,
lamp, or ballast retrofits, is helpful in improving the payback of projects and should be allowed. The best
projects are often those that replace inefficient lighting equipment as well as installing advanced
controls, as procurement and labor costs can be economized and savings greatly increased.

Wireless HVAC Controls
WIRELESS HVAC CONTROLS PRODUCT QUALIFICATION

ETAP provided financial incentives for wireless systems controlling heating, ventilation, and air
conditioning equipment (Wireless HVAC). In order to qualify for ETAP incentives, all technologies had to
provide wireless network communication between zone-level temperature sensors under one of the
two following system classifications:

1. Constant Volume Upgrades: wireless, non-invasive retrofit solutions for Constant Air Volume
(CAV) HVAC systems. These control systems are designed to allow existing CAV systems to
function like Variable Air Volume (VAV) HVAC systems without incurring the cost of new
ductwork and/or terminal boxes involved in a typical CAV-to-VAV retrofit.

2. Wireless Pneumatic Thermostats: wireless thermostat upgrades for pneumatic HVAC systems.
These control systems will allow digital control of HVAC systems, including setpoint enforcement
and savings strategies, without requiring modification to pneumatic control systems.

ETAP evaluated four and approved two Wireless HVAC products for ETAP rebates:

Vigilent’s Building Solution

Cypress Envirosystems’ Wireless Pneumatic Thermostat
Telkonet’s EcoSmart suite

Millennial Net’s Wireless Pneumatic Thermostat

PN PRE

Approved: Vigilent’s Building Solution

Vigilent was formerly known as Federspiel Controls, and the Building Solution is also known as DART.
Vigilent’s Solution was familiar to ETAP from previous exposure and was evaluated at the start of the
ETAP program. DART was qualified for ETAP Wireless HVAC rebates as a Constant Volume Upgrade,
providing a comprehensive retrofit solution most applicable to buildings with Constant Air Volume HVAC
systems.
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Vigilent has been in business since 2004, and has been evaluated by PG&E’s Emerging Techologies and
the California Energy Commission’s Public Interest Energy Research (PIER) programs. More information
on the Vigilent Building Solution can be found at https://www.vigilent.com/buildings.php

Approved: Cypress Envirosystems’ Wireless Pneumatic Thermostat

Cypress Envirosystems manufactures Wireless Pneumatic Thermostats (WPT) that replace existing
pneumatic thermostats and send data and receive instructions over a wireless network. The WPT was
new to the ETAP team and was evaluated at the beginning of the program. The WPT system was
qualified for ETAP Wireless HVAC rebates as a Wireless Pneumatic Thermostat system, providing one-
for-one replacement of existing pneumatic thermostats and offering integration into existing building
management systems (BMSs).

Cypress Envirosystems is a subsidiary of a larger technology company, Cypress Semiconductor. Cypress
WPTs had been installed and operational in the offices of the County of Santa Clara since 2008. More
information on the WPT can be found at http://www.cypressenvirosystems.com/products/wireless-
pneumatic-thermostat/

Telkonet’s EcoSmart Suite

Telkonet manufactures the EcoSmart suite of energy management products. Telkonet products were
ultimately not approved for ETAP rebates. The EcoSmart suite did not meet ETAP’s requirement as
either a specific fan-control algorithm or a pneumatic thermostat upgrade. ETAP began evaluating
Telkonet products in March of 2011, and continued in February of 2012 when ETAP first heard of a
Telkonet installation at a qualifying California agency. The EcoSmart products focus on hospitality and
similar markets that typically use wired thermostats and package HVAC systems rather than the
pneumatic thermostats and larger HVAC systems found in ETAP’s Wireless HVAC projects.

Telkonet was formed in 1999, and provides solutions for energy management as well as high-speed
internet to Hospitality, Education, and other market sectors. More information on Telkonet can be
found at http://www.telkonet.com/

Millennial Net’s Wireless Pneumatic Thermostat

Millennial Net manufactures the Wi-Stat Illp Wireless Pneumatic Thermostat. ETAP evaluated the
Millennial Net Wireless pneumatic thermostat first in April of 2011. The product was found to meet
ETAP requirements under the Wireless Pneumatic Thermostat classification, but Millennial Net did not
have a third-party evaluation report on the Wi-Stat llip, nor an installation in operation for over one year
in California. In February 2012, ETAP verified that Millennial Net was still missing both these pieces. The
Wi-Stat Illp was reported to be under consideration for study in a California IOU-funded Emerging
Technology report on wireless pneumatic thermostats that also included the Cypress Envirosystems’
product, but a demonstration site had yet to be identified.

Millennial Net was founded in 2000 and provides wireless sensor networking systems for commercial
and industrial markets. More information on Millennial Net can be found at http://www.millennial.net/
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WIRELESS HVAC CONTROLS CHALLENGES-IMPLEMENTATION

Schedules and Timing

HVAC projects tended to include additional maintenance and retrofit items in the project scope. For
example, for Vigilent DART™ projects it was sometimes necessary to replace fan motors or install VFDs
(variable frequency drives) on air handler fans. For wireless pneumatic thermostat projects, it was
sometimes necessary for the facility to fix leaks in the pneumatic system, verify actuator performance,
and re-program set points and control sequences in the building management system. Such items
increased project scope and cost, and extended the timeline.

Retrofit and maintenance projects tend to “cluster” at facilities. This increased the need for coordination
between the wireless HVAC installation and other concurrent projects. For example, facilities often
identified the need for wireless HVAC controls as part of a larger monitoring or retro-commissioning
project. This resulted in other installations and maintenance at the facility concurrent with the wireless
HVAC project installation, which also extended the timeline. While overall this is a desirable effect,
more complex projects take longer to specify and implement creating distinct challenges with a program
with a fixed implementation period.

HVAC Data Collection

Large campuses with central plants that provide heating and cooling to other facilities did not always
have easily-obtained, accurate information on the state of the plant. Different facility staff typically
operated the campus buildings and plant, necessitating multiple points of contact to get information
about chilled water, hot water, and steam consumption.

Large campuses tend to not have sub-metering of energy consumption for individual buildings, making
benchmarking and usage assessment of projected savings against historical usage difficult. This process
was a usual quality control step that was not available at master metered campuses.

It was often difficult to physically access HVAC related data during audits. Equipment was sometimes
located in hard to reach places, nameplates were worn and unreadable, and sensors were unreliable or
out of calibration. Some of this data could be checked against mechanical schedules, but those were not
always readily available or up-to-date. It was also difficult to thoroughly survey a large and complicated
facility in a limited period of time.

It was sometimes difficult to get clear information about facility operation (hours, set points, problems),
particularly if that facility was old and was served by multiple facility staff. Facility staff sometimes
varied in their understanding of building operation and equipment, or were mis- or under-informed
about recent building changes and upgrades.

Building plans, mechanical schedules, and other building documents were often unavailable,
undocumented, or out of date. Building documents were not a reliable alternative to obtaining
information first-hand through an audit. For example, while fan motor horsepower could be compared
between mechanical schedules and nameplate information, supply CFM was completely reliant on
mechanical schedules that were sometimes unavailable.

Data collection was sometimes hindered by the need to also market the measure at the same time.
Initial visits varied wildly as to how much time was spent in sales mode as compared to data collection
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mode. For projects that required longer measure discussion, customer contacts would sometimes rush
the data collection process or indicate that they would collect and provide the information at a later
date. This often resulted in unreliable data.

HVAC Savings Calculations — Predictive Modeling

Approaches to modeling the savings benefits from wireless thermostats were highly specific to a facility
or savings approach, making it difficult to use one standardized calculation tool. It was often necessary
to customize the calculation tool to particular projects (e.g. modeling systems with multiple operating
schedules, with unusual duct structures, or with no mechanical cooling onsite). Even small projects
required a great deal of data and assumptions to accurately characterize the HVAC system and develop
reliable savings estimates.

It was difficult to accurately characterize baseline and post-installation facility operation without
measured and monitored data. Examples of data that benefits from monitoring over a period of time
include zone temperatures and set points, fan speeds, facility hours, and supply air or water
temperatures. Such data is difficult to collect in a time-limited program like ETAP. This was particularly
true for modeling energy savings from a CAV to VAV retrofit (variable fan speed operation). There is no
way to reliably model VAV savings without information about post-installation fan speed operation and
airflow over an extended period of time. Such information was difficult, if not impossible, to estimate
pre-installation.

WIRELESS HVAC CONTROLS CHALLENGES-PROCUREMENT

HVAC Contracting and Financing

Agencies sometimes must put projects out to a public bid process when the project cost and scope are
above a particular limit. HVAC projects may be more likely to exceed these limits, particularly if they
involve significant equipment replacement or upgrades (motors, VFDs, sensors, etc.). This may
necessitate making sure that a particular wireless HVAC product and installation is not limited to sole-
sourcing. It also lengthens the project timeline and adds complexity.

WIRELESS HVAC CONTROLS LESSONS LEARNED

Schedules and Timing

If a project requires installation or repair of other equipment unrelated to the ETAP specific retrofit,
obtain information about all project costs and schedules as early as possible. This allows ETAP to deal
with potential holdups.

Contracting and Financing

Investigate partner and customer contracting and procurement processes prior to starting a program.
Prepare options for customers to be able to procure no matter what the project.

If a project requires installation or repair of other equipment unrelated to the program specific retrofit,
request information about the whole project scope and cost as early as possible.
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HVAC Data Collection

There is no good substitute to visiting the facility oneself, rather than relying on third-party information.
It is highly recommended that program technical staff visit each facility being evaluated for rebates,
even if detailed facility information is available from customer staff or building documents.

Clearly state the dual objectives of the onsite meeting to both inform potential customer about
functionality of the new system, and to collect data on existing system. Detail estimated times for each
component of the meeting. Express willingness to discuss measure, but also provide distinct time
estimate for data collection. This will help to distinguish the sales and marketing portion of the visit,
from the data collection portion.

WIRELESS HVAC CONTROLS PERFORMANCE EVALUATION

ETAP gathered fan speed monitoring data was gathered from wireless HVAC projects that included fan
control measures and for which ETAP was doing the primary energy savings analysis. In practice, this
meant data was gathered by ETAP for each installation of the Vigilent Building Solution, and for the
Cypress Envirosystems’ WPT installations at UCLA Young Research Library, UCLA Law, and Sacramento
County DGS and Sheriff’s Admin. Of the projects where fan control data was collected, six sites yielded
enough monitoring data to provide a conclusive energy savings result, and these are analyzed below.

Electricity Savings

As shown in Figure 11, monitored data indicated electricity savings 29% above the modeled estimates, in
aggregate.

4,500,000
4,000,000
3,500,000 Modeled Electricity Savings
3,000,000
Annual
Electricity 2,500,000 B Monitored Electricity Savings
Savings 2,000,000
(kwh)
1,500,000
1,000,000
500,000
0 | — |
Laurel University Geisel Aztec Rec YRL Law
Heights Hall Library Center
UCSF ‘ ucB ‘ UCSD | SDSU ‘ UCLA | UCLA

Figure 11. Modeled vs. Monitored Electricity Savings in Wireless HVAC Controls Projects
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Natural Gas Savings

As shown in Figure 12, monitoring data for the six analyzed wireless HVAC projects indicated natural gas
savings 29% above modeled estimates in aggregate.
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Figure 12. Modeled vs. Monitored Natural Gas Savings in Wireless HVAC Controls Projects

Energy Savings Models

The wireless HVAC energy savings calculators for both controls technologies performed their main task
well: providing a conservative estimate of energy savings achievable with wireless controls retrofits.
Across all 28 ETAP wireless HVAC projects, ETAP staff were able to predict quite well the feasible energy
savings during the audit stage and effectively focused program resources on projects that contributed
significantly to energy savings goals.

There are inherent limitations in the creation of a savings model. Interpreting the calculations literally,
they assume only a single driver of HVAC demand: outdoor air temperature (OAT). For a big building
with relatively high volume to surface area ratio, such as the UCSF Laurel Heights campus, outdoor
temperatures are not the biggest driver of demand and the monitored fan speeds show poor correlation
with outdoor air temperature. It is more accurate to say that the calculation methodology was built on
the understanding that one variable (OAT) can stand in for all the multivariate factors that affect HVAC
demand, each of which could not be represented in a calculation tool that would ETAP needs for ease of
use. OAT is thus a stand-in for occupant load, plug loads and other electric loads, and various heat
exchanges through the building envelope (conduction, convection & solar heat gain).

ETAPs involvement with each of these wireless HVAC controls technologies provided the first opportunity
to have an independent party examine both modeling and monitoring results for so many separate
projects. The feedback from ETAP has helped these manufacturers improve their own savings estimation
tools and understand the needs of both customers and utility rebate programs.
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Public Releases of Information
Outreach Materials

Various marketing materials were developed to support the outreach to and engagement with potential
ETAP participants. The materials developed for use and release into the public domain included: a tri-
fold brochure, three technology fact sheets, a program website, a rebate reservation application form,
and a design review form.

The tri-fold brochure was designed to describe the program services, benefits, and eligibility
requirements and includes information on the following topics:

e Program goals

e Program funding source

e Descriptions of targeted measures, including: technology introduction, and retrofit applicability

e Program services, including: feasibility audits, energy savings calculations and documentation,
coordination with other funding sources and financing, and project implementation support.

e Program incentives

e Financing and funding options

e Program eligibility requirements

The tri-fold brochure was professionally designed in full color. The brochure was available for download
from the program website and 515 copies were professionally printed and made available at the various
technology seminars, outreach presentations, kick-off meetings, and at other suitable events.

Three fact sheets were developed, one for each of the target measures — wireless HVAC, wireless
lighting controls, and bi-level lighting. The fact sheets were each a single double-sided page and included
similar information as the brochure, but with more detail on the description of the targeted measure
including energy savings calculations, retrofit applicability, estimates of potential energy savings and
program eligibility requirements. Each of the fact sheets were available for download from the program
website and 485 copies of each were professionally printed and made available at the various
technology seminars, outreach presentations, kick-off meetings, etcetera.

Other outreach materials developed included the program website, rebate reservation application form
and design review form. Both the program application form and design review form were designed as
editable adobe PDF documents that the Agency Leads filled-out in coordination with the participating
agencies. The application form was a two page form that both the Agency Lead and the participating
Agency contact signed and included information such as project facilities, rebate reservation amounts,
payment information, and program terms and conditions. The design review form was a single page
form that was signed by the Agency Lead and project tech lead and provided to the Agency contact that
finalized the ETAP rebate amount, based on the project details confirmed during the project design
review, which typically occurred right before project installation.

In an effort to support environmentally friendly printing practices, the program had planned to print all
marketing materials using soy-based rather than petroleum-based inks. It turned out that this goal was
not practical, nor entirely feasible for the printing of all materials, due to the small number of printed
copies required. It was more economical to print batches of less than 2,000 copies with digital methods
for which soy inks could not be used. To use soy inks, lithographic printing is ideal. However, lithographic
printing for batches of 500 is considerably more expensive and more time consuming. Thus, the first
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round of printing of the fact sheets and brochures were printed digitally. The remaining materials were
printed lithographically using soy-based inks.

Press Releases

The program allocated a small portion of the budget for working with agencies to prepare and distribute
press releases to raise awareness of the program and of the advanced technologies. The budget was
sufficient to support the preparation of the press releases; however, no budget was reserved to support
the considerable effort necessary to gain traction in the media using the press releases. In the future, if
it is a program goal to garner media attention to highlight program accomplishments and technologies,
it would likely be in the program’s best interest to engage a public relations firm and allocate additional
resources to this area.

As part of the programs on-going public relations effort, the program prepared or assisted in the
preparation and distribution of four press releases.

3/29/11: AC TRANSIT CUTS LIGHTING USE IN HALF WITH BI-LEVEL LED LIGHTING RETROFITS

This press release was a joint press release with AC Transit, highlighting AC Transit’s LED bi-level lighting
parking area projects. This project was the first ETAP project to begin installation. The press release
highlighted the estimated project savings anticipated from the project, AC Transit’s commitment to
reducing environmental impacts, as well as provided information on ETAP for potential participants.

8/18/2011: SACRAMENTO SHEDS LIGHT ON NEW FIXTURES USING LESS THAN HALF THE POWER

This press release was sent out by the City of Sacramento. ETAP assisted in writing the press release with
the City of Sacramento PR team. The press release highlighted the City’s multi-facility LED bi-level
parking garage lighting retrofits and included a quote from U.S. Energy Secretary Steven Chu. It also
included information on the ETAP program, rebates provided, and anticipated energy savings.

Press: Sacramento Press Article: http://www.sacramentopress.com/headline/55454/

9/13/11: ENERGY TECHNOLOGY ASSISTANCE PROGRAM TO SAVE CALIFORNIA CITIES AND PUBLIC UNIVERSITIES
OVER $1.8 MILLION ANNUALLY AND SPUR GREEN JOB DEVELOPMENT

This press release was prepared by the ETAP team to highlight the successes to date of the program, as
well as highlight that additional funding is still available for potential participants. The press release
provided information on the program’s accomplishments, highlighting productive use of ARRA funding
for green job growth, the variety of participants eligibility, and participant savings.

Press: LGC Currents Energy Newsletter:
http://www.lgc.org/freepub/energy/newsletter/fall2011/page08.html

12/6/2011: PLEASANTON LIBRARY CUTS ENERGY USE BY 46% WITH ADURA TECHNOLOGIES WIRELESS LIGHTING
CONTROLS

This press release was a joint press release with Adura Technologies, highlighting the City of
Pleasanton’s wireless lighting project completed at their public library. The press release was timed to
coincide with the release of the program’s first case study, prepared on the Pleasanton Library project.
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The press release highlighted the energy and cost savings of the project, as well as describing the Adura
wireless lighting technology.

Press: Online article on KCTV 5 News: http://www.kctv5.com/story/16198013/pleasanton-library-cuts-
energy-use-by-46-with-adura-technologies-wireless-lighting-controls

Pleasanton Weekly.com article:
http://www.pleasantonweekly.com/news/show_story.php?story_id=8292

Additionally ETAP provided limited review of two additional press releases that were prepared and
release by technology vendors participating in the program that highlighted the ETAP rebates.

e 7/12/11: Lutron® Products Qualify for California Energy Technology Assistance Program (ETAP)
e 12/6/11: Vigilent Systems Dramatically Reduce Energy Consumption at San Diego State
University

Press: MarketWatch article: http://www.marketwatch.com/story/vigilent-systems-dramatically-
reduce-energy-consumption-at-san-diego-state-university-2011-12-06

Other media attention that ETAP has received is listed below.

e 8/2011: CLTC Lighting Link Newsletter highlighted CSU Long Beach’s best practice award for an
ETAP-supported lighting project:
https://app.e2ma.net/app/view:CampaignPublic/id:25667.10668527098/rid:68ea7d2cbbb2cdd
643bc7e259b92db45

e 10/6/11: California State University Public Affairs online post, Federal Funding Fuels Efficiency at
Six CSUs. http://www.calstate.edu/pa/News/2011/Story/etap.shtml

e 10/9/11: Transition South Bay LA Blog Post:
http://transitionsouthbayla.blogspot.com/2011_10_01_archive.html

Case Studies

Seven case studies documenting ETAP projects in participant facilities were developed. Each case study
highlights technologies utilized, savings, challenges, and accomplishments. In selecting projects for case
studies, the team chose projects that illustrated a variety of circumstances, potential challenges, target
measures, financing, climate zones, regional factors and project partners in order to show the breadth
of the program and application of the three target measures. Additionally, timing of installation was also
a large factor in selecting case study projects as each case study took a number of months to develop
and the development of all seven needed to be spread out across the latter half of the program. The
case studies include the following elements.

Project overview, location and site information

Energy use and equipment prior to project

Technical specifications of retrofit

Estimated energy savings, GHG emissions reductions, and cost savings
e Total project cost and payback period

e Information on challenges and solutions employed

e Financing and leveraged funding utilized
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e Non-energy benefits
e Participant and stakeholder testimonials
e Photos

The printing and distribution of case studies was done in two batches. Once the first four case studies
were completed, an announcement of their availability was emailed out to contacts at a wide variety of
local government, utility, governmental, and energy affiliate organizations. The case study
announcement was sent to the following organizations along with a request that they pass on the case
studies to their constituents, members, colleagues, etc: Association of Bay Area Governments,
Association of Energy Engineers, California Center for Sustainable Energy, California League of Cities, the
California Energy Commission, Clean Tech San Diego, Coachella Valley Association of Governments,
Ecology Action, California Local Government Commission, San Bernardino Associated Governments,
Southern California Association of Governments, San Diego Association of Governments, Western
Riverside Council of Governments, PG&E, SDG&E, SCE, and SMUD.

Additionally, emails announcing each batch of case studies were emailed to a larger group of recipients,
including: a variety of utility contacts, ETAP participating agencies and partners, utility local government
partner contacts, and other energy, educational, nonprofit and utility organizations. The case studies
were all made available for download from the program website and 500 copies of each case study were
professionally printed and copies distributed to organizations that requested them. A short synopsis of
each of the seven case studies is presented below.

CASE STUDY 1: DRAMATIC ENERGY SAVING FOR SACRAMENTO WITH BI-LEVEL LED PARKING GARAGE RETROFITS

The first case study highlights one of the eight City of Sacramento bi-level parking garage projects
completed through ETAP. This case study narrates the process that City staff undertook over a number
of years to identify a fixture type and control option that meet their priority needs, as they were
interested in retrofitting to fixtures with long useful lives, good color rendering, and low energy use.
With their new bi-level LED fixtures the City has reduced electricity use by approximately 88%,
compared to their previous metal halide fixtures in the Downtown Central Garage. Including all 8
parking garages, the City estimates it will save more than 4 GWh annually and reduce annual electricity
expenditures by just under a half a million dollars.

CASE STUDY 2: PLEASANTON LIBRARY CUTS LIGHTING ENERGY USE 46% WITH WIRELESS LIGHTING CONTROLS
AND FIXTURE RETROFITS

This case study highlights the installation of Adura wireless lighting controls and a light fixture retrofit
project at the Pleasanton Public Library. Before the project, the library’s 661 fixtures (predominantly
T8s, with some T5HO and CFLs) were on an average of 13 hours per day, seven days a week, and cost
the City approximately $46,000 per year in electricity consumption. Retrofitting the buildings T8 lamps
and ballasts to more efficient models reduced the lighting electricity use by about 10%. The installation
of wireless lighting controls, which reduced the operating hours and light output of the fixtures
depending on available daylight and occupancy, reduced the lighting electricity use by an additional
36%.

The City was able to take advantage of rebates offered by ETAP in addition to PG&E rebates for an
estimated total project payback period of 6.2 years. In addition to the energy and cost savings, one very
valuable benefit of this project to the Library facilities staff is the ability to now manage their lighting use
via the flexible online control system. Before the project the library’s lights were all either on or off.
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Now with the new controls system, they have a flexible control system that responds to occupancy,
available daylight, and programmed scheduling.

CASE STUDY 3: WIRELESS PNEUMATIC THERMOSTATS HELP UCSD REACH SUSTAINABILITY GOALS BY REDUCING
GREENHOUSE GAS EMISSIONS BY 538 TONS/YEAR

This case study highlights the installation of Cypress Envirosystems’ Wireless Pneumatic Thermostats
(WPTs) at U.C. San Diego’s (UCSD) McGill-Mandler Hall. UCSD replaced McGill-Mandler Hall’s 250
existing pneumatic thermostats one-for-one with WPTs, which were connected to the existing
pneumatic piping, calibrated and programmed. The new system was connected to the building’s existing
Building Automation System (BAS). To complement utilization of the new WPTs, a number of other
upgrades were implemented, including but not limited to installation of variable frequency drives (VFDs)
on the air handler fans and three new outside air economizer dampers. The retrofit is projected to
reduce annual electricity use at McGill-Mandler Hall by 27% and annual natural gas use by 51%, resulting
in an estimated annual utility bill savings of $94,900.

UCSD was able to take advantage of rebates offered by ETAP in addition to SDG&E rebates for an
estimated total project payback period of 0.2 years. In addition to the energy and cost savings, one very
valuable benefit of this project is that WPTs allow both manual occupant control and centralized control
of temperature set points. Facility managers can remotely monitor thermostat settings and zone
temperatures, make changes, establish automated schedules, and diagnose problems through the BAS.

CASE STUDY 4: UC BERKELEY’S UNIVERSITY HALL WIRELESS HVAC RETROFIT BRINGS THE CAMPUS ONE STEP
CLOSER TO ITS CLIMATE NEUTRALITY GOAL

The UC Berkeley University Hall case study highlights a Vigilent Intelligent Energy Management System
retrofit that was installed to modify their previous constant air volume HVAC system to approximate a
variable air volume system. The Vigilent System, coupled with the installation of variable frequency
drives (VFDs) and new motors on the buildings air handling units allows the facility managers to dial
back fan speeds in the building to better match demand and minimize energy use. The project is
estimated to reduce the building’s annual natural gas use by 9% and electricity use by 6%. An added
benefit from this project for UC Berkeley has been that the Vigilent wireless control system also allows
them to view and remotely operate the system through their existing Barrington Energy Management
System.

CASE STUDY 5: WIRELESS HVAC CONTROLS RETROFIT SAVES MONEY AND ENERGY FOR STUDENTS AT SAN DIEGO
STATE UNIVERSITY

The San Diego State University case study provides an in depth look at another Vigilent Intelligent
Energy Management System retrofit project at a large recreation and exercise facility. The installation of
the Vigilent System, again coupled with the installation of VFDs on the buildings four air handling units,
set the building up for a payback period of less than a single day, taking into account both ETAP and
SDG&E rebates. The estimated annual project energy savings, 18% reduction in electricity use and 55%
reduction natural gas use, are significant. The case study illustrates that in similar buildings with
constant air volume ventilation systems and long operating hours, a retrofit technology such as the
Vigilent System can offer large energy savings with a short payback period.
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CASE STUDY 6: LEDS AND BI-LEVEL CONTROLS DELIVER HEALTHY 87% ENERGY SAVINGS AT THE CONTRA COSTA
COUNTY PITTSBURG HEALTH CENTER

This case study highlights the installation of a bi-level LED lighting fixture retrofit project at Contra Costa
County’s Pittsburg Health Center. Before the project, the parking lot was illuminated by 157 250-watt
high pressure sodium (HPS) fixtures controlled by photocells that turned lights on in the evening and
turned them off at dawn, costing the City approximately $29,000 per year in electricity consumption.
Retrofitting the parking lot from HPS fixtures to more efficient LEDs improved light quality while
drastically reducing the per-fixture electricity use, and the addition of bi-level controls and occupancy
sensing reduced run time. In addition, the improved color rendering and light distribution of the LEDs,
relative to the HPS lamps, allowed for significant de-lamping. These combined benefits have reduced
lighting electricity use in the parking lot by 87%.

The County was able to take advantage of rebates offered by ETAP in addition to PG&E rebates for an
estimated total project payback period of 2.2 years. The County used PG&E’s On-Bill Financing program
to cover the balance of upfront project costs. Under on-bill financing, PG&E financed the project with
0% interest and the County will pay back the loan through its monthly utility bills.

CASE STUDY 7: SAN MATEO COUNTY DRIVES DOWN ELECTRICITY COSTS IN PARKING GARAGE BY 67% WITH
EFFICIENT T8 LAMPS AND WIRELESS LIGHTING CONTROLS

This case study highlights the installation of Adura Technologies’ wireless lighting controls and high
efficiency T8 fluorescent fixtures at San Mateo County’s County Center Parking Garage. Prior to the
retrofit, the parking garage utilized 297 150-watt high pressure sodium (HPS) fixtures, most of which
operated 20-24 hours per day, resulting in an annual lighting electric bill of $46,000 for this six-level
garage. The lighting upgrade included a bi-level lamp and ballast retrofit and the installation of a
wireless lighting control system. The system maximizes energy savings in individually controlled zones by
utilizing day lighting control, occupancy control, and an astronomical timeclock that adjusts daily for
longer summer days and shorter winter days. The project is anticipated to reduce parking garage lighting
energy use by 67%.

The County was able to take advantage of rebates offered by ETAP in addition to PG&E rebates for an
estimated total project payback period of 3.8 years. In addition to the energy and cost savings, the
County was able to meet its aim of maximizing savings without compromising occupant safety in the
garage. In addition, the Adura Technologies Wireless Lighting Control System provides energy tracking
and monitoring, automated maintenance notifications, and load shedding capability.

CASE STUDY 8: CSU FULLERTON’S TITAN GYM CUTS LIGHTING ENERGY USE 66% AND ADVANCES CLIMATE GOALS
WITH WIRELESS LIGHTING CONTROLS AND FIXTURE RETROFITS

This case study highlights the installation of Lutron wireless lighting controls and a light fixture retrofit
project at California State University Fullerton’s Titan Gym. Prior to the lighting retrofit, the gym’s 68
400-watt metal halide light fixtures were on an average of almost 16 hours per day, 7 days per week
during the academic year. With additional hours of operation during summer and winter breaks, the
University was paying approximately $17,500 annually in electricity costs. Retrofitting the metal halide
fixtures with 4-lamp T5HO F54 216-watt XtralLight fixtures with Lutron EcoSystem H Series dimming
ballasts reduced lighting electricity use by 48%. The installation of the wireless lighting controls is
expected to reduce electricity use by an additional 18%.
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The University was able to take advantage of rebates offered by ETAP in addition to SCE rebates for an
estimated total project payback period of 2.6 years. By replacing light sources and installing a Lutron
wireless control system, Cal State Fullerton was able to reduce the gym’s lighting energy use by 66%,
cutting energy costs and greenhouse gas emissions while improving light quality and controllability.

Technology Seminar

e Videos and Powerpoint presentations given during ETAP Technology Seminars are available on
the ETAP website and will provided in electronic format to the Energy Commission Contract
Manager as a part of the program closeout activities.

Other Presentations

e 7/11/11-7/12/11: California Higher Education Sustainability Conference, California State
University Long Beach. Staffed booth in the exhibitor section of the conference. ETAP
promotional materials were distributed and attendees were presented overview of ETAP.
Receptive agencies were engaged following the event.

e 5/26/11: San Diego Association of Governments Energy Working Group meeting, SANDAG main
office, downtown San Diego

e 6/13/11: San Luis Obispo County Energy Watch Partnership Monthly Meeting

e 6/2/11: San Diego Association of Governments Transportation Advisory Committee meeting,
SANDAG main office, downtown San Diego

e 4/26/11: Southern California Association of Governments Toolbox Tuesday Seminar, Energy
Efficiency Retrofit Incentive Programs, SCAG main office in downtown Los Angeles

e 7/13/11: UC/CSU/IOU Energy Efficiency Partnership Joint Energy Managers Meeting, California
State University, Long Beach

e 9/14/11: South Bay Environmental Services Center Monthly Partners Meeting, South Bay Cities
Council of Governments, Lawndale

e 7/27/11: Statewide Energy Efficiency Collaborative Energy Efficiency Best Practices Forum, San
Jose

Website

The ETAP program website, www.energy-solution.com/etap was developed using HTML 4.0 and CSS 3.0,
to meet WCAG (Web Content Accessibility Guidelines), Version 2, Level A. The website has served as a
comprehensive program information source for the general public, program participants, potential
participants, press, and partner agencies. The website provides extensive detail on the program
technologies, and requirements and has been a dynamic resource, providing regular updates on
program accomplishments. The site has also served as a repository for public program documents and
supporting third party documents.

The website was developed with the assistance of a sub-contracted web design firm, Creative Slice. The
ETAP site was developed using Word Press software and the majority of site content can be easily
updated through the Word Press content management system. The website design utilizes the ETAP
branding and logo to highlight its relationship with Energy Upgrade California.
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The following information and features are included in the website:

e Program goals and funding source

e Descriptions of targeted measures, including: technology details, retrofit applicability, estimates
of potential energy savings and payback rates

e Program services, including: feasibility audits, energy savings calculations and documentation,
coordination with other funding and financing, and project implementation support.

o Program incentives

e Financing and funding options

e Program eligibility requirements

e List of participating agencies and program partners

e Resources, including downloadable program materials (brochure, press releases, case studies,
technology fact sheets, application forms), links to partner and third party case studies, websites
and technology information, as well as utility rebate programs, ARRA documentation and
requirements, and other governmental energy resources

e Contact information

e Training information and technology seminar dates, announcements, and seminar
presentations/materials

e Links to contractor bid opportunities for ETAP-supported projects

e Accomplishment updates: provided approximately once a month and including information such
as - new participants, funding availability, number of projects installed, and energy savings
identified

e Frequently asked questions

Networks or Collaborations Fostered
Regional LED Streetlights Procurement Initiative

ETAP offered technical support and rebates for bi-level LEDs in parking lots and parking garages. Many
agencies who were interested in the ETAP measure were also pursuing projects to replace their existing
streetlights with LED streetlights. While there are differences between parking lot, garage, and
streetlighting projects, there is also significant overlap in the LED and controls technologies used in each
application. Recognizing that there was a demand for LED streetlighting services, ETAP was receptive to
contributing to efforts to promote LED streetlighting projects, and more specifically the use of controls
in LED streetlight projects.

The Bay Area Next Generation Streetlight Initiative was convened after the ETAP Technology Seminar in
Oakland on June 15, 2011. During the Seminar a representative from the City of San Jose spoke about
their LED streetlight projects and a representative from the Association of Bay Area Governments
(ABAG) spoke about financing efficiency projects. An audience member from the Bay Area Climate
Collaborative saw an opportunity integrate financing for LED streetlighting projects with region-wide
bulk fixture procurement. By fall 2011 a partnership between the Metropolitan Transportation
Commission, ABAG, the City of San Jose, and the Bay Area Climate Collaborative had formed and the
team was meeting regularly to develop a procurement and financing opportunity for cities and counties
in the Bay Area. ETAP offered technical assistance in support of the effort.
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The Bay Area Next Generation Streetlight Initiative aims to pool Bay Area-wide interest in LED
conversions, providing a bulk procurement option to secure improved purchase and financing terms for
streetlight upgrades to LEDs. The overarching aim is to use the Department of Energy Municipal Solid-
State Lighting Consortium’s technical specifications to catalyze the conversion of 200,000 streetlights in
Northern California by the end of 2013 which could yield $15 million or more in annual energy savings.

In December, the Initiative issued an initial survey to gauge regional interest in the initiative. Fifty-four
Bay Area cities and counties responded that they might be interested in participating. In light of the
positive responses, the Team continuing its exploration into the feasibility of a regional procurement by
reaching out to LED fixture and controls manufactures, distributors, and sales representatives to try and
identifying potential barriers a successful large-scale procurement.

After performing outreach calls, the Team concluded that a bulk procurement of tens-of-thousands of
fixtures could lead to significant cost savings. Some manufactures said that ordering tens of thousands
of fixtures as opposed to hundreds of fixtures could result in as much as 50% cost savings. From the
manufacturers’ perspective, it would be much easier to respond to one request for proposals (RPFs) that
would provide fixtures to dozens of agencies as opposed to responding to a dozen or more separate
RFPs.

Another advantage of a joint procurement that is supported by ETAP or another third party organization
is that the technical specifications that went into the joint RFP would be thorough and technically sound.
Manufactures noted that oftentimes the technical specifications included in RFPs are not well
envisioned. Since the bidder responds to the technical specifications included in the RFP, the agencies
who have an inadequate specification in the RFP will receive fixtures that are not best suited for their
applications. This information validates the need for a rigorous preparation of technical specifications —
whether that specification is included in a joint procurement or in a procurement for an individual
Agency.

ETAP got involved in the Initiative thinking we would provide technical assistance, as needed. In the end,
ETAP played a central role in technical and non-technical aspects of the effort. ETAP assisted in the
following ways:

e Developed and distributing the initial survey to Bay Area agencies to gauge interest in the
Initiative;

e Analyzed survey results and developed an estimate of costs and impacts (energy savings, GHG
reductions, jobs created, cost savings) of the Initiative;

e Conducted outreach effort to manufacturers, distributors, and sales representatives to identify
potential barriers and benefits of the Initiative;

e Reviewed the MSSLC fixture and controls specification and helped tailor the specification to
accommodate local performance and quality;

e Spearheaded outreach to interested agencies to encourage them to participate and to help
them determine if the tailored MSSLC specification would be appropriate for their specific
streetlighting applications;

e Authored a whitepaper to summarize the findings of the initial phases of the Initiative and offer
input on how to proceed beyond the ETAP funding period.
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Databases, Videos, Models, and Curricula
ETAP DATABASE

The ETAP performance tracking database will be provided to the Energy Commission contract manager
as part of program closeout.

VIDEOS

Presentations from the Technology Seminars are available on the ETAP website (http://energy-
solution.com/etap/training/tech-seminar-presentations/) and will be provided to the Energy
Commission in electronic form at program closeout.

HVAC TRAINING CURRICULUM

Vigilent prepared the curriculum for the HVAC trainings. ETAP assisted by developing the course agenda
and an outline for the curriculum. ETAP reviewed and provided substantive feedback on a draft version
of the presentation material. Finally, ETAP formatted the final version of the presentation and printed
hard copies that were distributed to course participants. The curriculum included the following training
modules:

e Introduction to Controls

e How to Build a Wireless Sensor Solution

o Applying Wireless Technology to Make Smarter Buildings and Data Centers:
o Installation Module Part 1 — Wireless Sensors and Gateway
o Installation Module Part 2 — DART

e Student Hands-on Installation Exercise

e Building Management Integration

e Testing/Troubleshooting Module

The curriculum that was developed for the ETAP trainings belongs to Vigilent. By purchasing a license to
use the materials, ETAP was able to utilize the course curriculum for the HVAC trainings and provide
hard copies of the presentation materials to course participants. However, the license agreement does
not allow ETAP to distribute the curriculum in any way.
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(6) DELIVERABLES

Table 19 lists ETAP’s contractual deliverables and the date they were transmitted to the Energy

Commission.

Table 19. ETAP Contractual Deliverables

Date
Due Datein  Delivered to
Deliverable Brief Description Agreement CEC
Program Implementation Plan (PIP) Description of Program Policies 12/15/2010 11/1/2010
Participation Agreement Used to Enroll Participants 4/30/2012 In PIP
Program Rebate Application Used to Reserve ETAP Rebate 4/30/2012 In PIP
Project Monitoring Plan Monitoring Methods 12/15/2012 In PIP
Measure Development Plan New Product Evaluation Process 12/15/2012 In PIP
Marketing Plan Approach for Marketing Tasks 12/15/2012 In PIP
Monthly Progress Reports Program Performance Update 4/30/2012 Continuous
An Updated List of Leverage Funds Project Funding Form 4/1/2012 In Mnth Rpts.
Summary of Program Mgt. Meetings  Agendas, Participants 4/30/2012 In Mnth Rpts.
Program Database Reports Snapshots of Prog. Performance  4/30/2012 In Mnth Rpts.
Technical/Econ. Feasibility Reports Audit Memos, Audit Reports 4/30/2012 In Mnth Rpts.
Completed Rebate Applications Used to Reserve ETAP Rebate 4/30/2012 In Mnth Rpts.
Lighting Distribution Reports Monitoring Data and Results 4/30/2012 In Mnth Rpts.
CPR Report Mid-Program Review 4/30/2012 3/4/2011
Closeout Activity Schedule Steps for Program Closeout 4/9/2012 4/25/2012
Final Report This Document 4/30/2012 4/30/2012
Program Database Performance Tracking Database  4/30/2012 4/30/2012
Program Website ETAP Website 4/30/2012 4/8/2011
Program Brochure Overview of Program 4/30/2012 4/27/2011
Case Studies Descriptions of ETAP Projects 4/30/2012 4/30/2011
Lighting Trainings Training in advanced lighting 4/30/2012 Various
HVAC Trainings Training in HVAC controls 4/30/2012 Various
Technology Seminars Info. on Advanced Dnergy Tech.  4/30/2012 Various
ETAP Internship Program Intro to Energy Effic. Industry 4/30/2012 Various
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(7) BUDGET

Table 20 summarizes ETAP’s total budget per task and the actual expenditure.

Table 20. ETAP Budget By Task

Budget Actual
Category Brief Description Budgeted Expenditure
1.0 Administration $89,671 See invoice
2.1 Program Implementation Plan $30,120 See invoice
2.2 Program Management $828,198 See invoice
2.3 Marketing $249,625 See invoice
2.4 Program Implementation $1,847,170 See invoice
2.5 Workforce Development $230,987 See invoice
2.6 Project Financing $3,417,116 See invoice
2.7 Quality Assurance $6,851 See invoice
TOTAL $6,699,738 See invoice
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1. Methodology

Parking garage lighting is considered an interior space, even though in most cases, the structure is
unconditioned. It therefore falls under Section 146 for lighting power allowances (LPAs) and Section
131 for controls requirements. However, the top deck of parking garages are considered exterior
spaces and fall under Section 147 lighting power allowances and Section 132 controls requirements.
As a result, parking garages straddle the line between the two in some respects.

It may be for this reason that an aggressive analysis and review of the LPA values and controls
requirements have not been done as part of the regular code revision cycle. The LPA values currently
are relatively low compared to most interior spaces, so there is a general consensus that there may not
be much to be gained through such a review.

The code revision cycle for Title 24 has all but eliminated the easy gains over the years, so the review
of lighting in parking garages is logical and there are opportunities within the current system.

The parking garage lighting analysis focused on LPA reduction and lighting controls requirements,
including daylight- and occupancy-responsive controls. Several different points of review in this
revision cycle include:
+ Review the LPA values and determine if there is room to tighten the allowances.
+ Review the current controls requirements for parking garages and determine whether controls
are viable for mandatory measure implementation.
Analyze daylighting controls to determine cost effectiveness and conditions of use.
+ Analyze occupancy sensor controls to determine cost effectiveness and conditions of use in
garage applications.

1.1 Review of LPA values in Title 24-2008

The lighting power allowances for parking garages were examined in relation to current market
technology and IESNA illuminance criteria to determine whether or not the LPAs could feasibly be
reduced.

This involved developing six different typical parking garage configurations and calculating the
power density necessary to meet the IESNA design recommendations for parking garages (RP-20).

This review process considered a variety of light source technologies, including linear fluorescent,
induction, metal halide, high-pressures sodium (HPS), and light-emitting diode (LED). In this
analysis, no daylighting benefits were considered, so the electric lighting systems were required to
meet the full design criteria values.

Once the various lighting design variables were collected, a review of the performance of the various
approaches was completed to ensure that the recommended reductions in the LPA would not make
any reasonable light source technology unusable.
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1.2 Review Title 24-2008 Controls Requirements and Controls Viability

Parking garages are mostly exempt from lighting controls under Title 24-2008. Neither daylighting
controls nor occupancy controls are required. Additionally, time switch curfew controls are not
required.

Most parking garages are not secure facilities, and it is not possible to be certain that a vehicle or
pedestrian will not enter the building. Because of this, parking garages are mostly operated in a 24/7
manner with the only controls in the spaces employed in the adaptation zone near the entry. Since
stairwells and elevator lobbies are often considered paths of egress, those areas are typically operated
without controls.

As part of this review, both light source technology limitations and controls limitations were
considered to ensure that a mandatory measure would not be severely limited due to either of these
factors.

1.3  State of Market and Pilot Project Review

In order to understand the feasibility and potential effectiveness, the current state of the market was
examined with respect to sensors, lamp/ballast combinations and dimming equipment for outdoor
lighting. This review of the market involved an assessment of currently-available luminaires and
sensor technology, as well as discussions with manufacturers regarding the future of exterior
occupancy sensors. This effort also included a review of pilot programs that demonstrated bi-level
street and area lighting control, including:
+ California Polytechnic State University, SLO, Parking Lot Lighting Retrofit [PIER Buildings
Program];
+ California Polytechnic State University, SLO, Street Lot Lighting Retrofit [PIER Buildings
Program];
+ California Department of Public Health Parking Lot Lighting Retrofit [California Lighting
Technology Center];
+ University of California, Davis, Parking Lot Lighting Retrofit [California Lighting
Technology Center];
+ University of California, San Francisco, Parking Lot Lighting Retrofit [California Lighting
Technology Center];
+ City of San Marcos Parking Garage Lighting Retrofit [California Lighting Technology
Centerl];
+ Los Angeles Trade Technical College Parking Lot Retrofit [California Lighting Technology
Center];
+ Irvine Parking Lot Phase 2 Lighting Retrofit [Southern California Edison];
+ Raley's Supermarket Parking Lot Lighting Retrofit [DOE GATEWAY];
¢ TJ Maxx Parking Lot Lighting Retrofit [DOE GATEWAY].

Data logger files were provided by the CLTC for the CLTC and PIER demonstration projects, which
allowed further in-depth analysis of the results of those studies: Since all of the demonstration
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projects were retrofits, significant energy savings were realized from the luminaire technology change
alone, so this was discounted when the comparisons were made.

1.4 Analyze Daylighting Controls

Daylighting is prevalent in many parking garages, so the CASE team felt that a daylighting control
measure could be readily implemented. Further, daylighting occurs at the best times of the day to
take advantage of the highest Time Dependent Valuation (TDV) energy costs, so cost effectiveness is
all but assured in most cases.

The following items were analyzed as part of this study:

+ Determine wall cross-section and window requirements to ensure more than adequate
daylighting penetration.

+ Verify that the electric light sources are not able to mitigate the contrast introduced by
daylighting (sidelighting) under typical conditions.

+ Calculate the depth of penetration into a space for sidelighting situations where the lighting is
still useful.

+ Make cost effectiveness calculations based on the geometry limitations discovered above.

With these items finalized, the recommended code language was developed to accommodate the
benefits and limitations of a basic sidelighting condition.

For toplighting situations, the same approach used in interior toplighting should be employed, because
the conditions are similar, and no specific conditions could be devised that seemed to require a
separate approach from the currently employed toplighting infrastructure.

1.5  Analyze Occupancy Sensor Controls

Occupancy sensors require another set of review steps to ensure that occupancy control is viable as a
mandatory measure. A number of issues make this measure less clear-cut, so this review was as
rigorous and extensive as was viable within the time constraints of this revision cycle.

The various steps in this review included:
+ Determine the various methods of occupancy control that may be employed in a parking
garage lighting system (discreet sensors, integral sensors, etc.).
+ Create an energy model of a simple garage configuration to test the cost effectiveness and
overall usefulness of an occupancy sensor control system.
- Further, use this model to establish the conditions under which an occupancy control
system will no longer maintain cost effectiveness (find the 'Bust' threshold).
- Evaluate how extreme these conditions are to determine whether the cost effectiveness is
likely to be assured for all reasonable use scenarios.
+ Review the variety of PIER and DOE Gateway projects related to controls to determine if
there are any unexpected problems with the implementation of lighting controls in parking
garage spaces.
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¢ Use data from the various PIER and GATEWAY studies to create a composite volume of
traffic diagram that can be applied to the energy model.

With these research items completed, the recommendations for the code language changes were
developed to ensure an effective implementation of the mandatory measure.
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2. Analysis and Results

2.1 Review of LPA values in Title 24-2008

The process of reviewing the Title 24-2008 values included several different steps to produce all the
information necessary:
+ Determine typical parking garage configurations and dimensions.
Verify IESNA design criteria for parking garages.
Determine currently-available lighting and controls equipment options.
Model lighting options for power density calculations.
Analysis of results.
Determine recommended LPA values.

* 6 ¢ o o

2.1.1 Determine Typical Parking Garage Configurations and Dimensions

In order to examine the lighting power allowances for parking garages, six typical garage
configurations were created. To determine what typical parking garage configurations to use in the
simulations, various sources were reviewed, including local municipal codes, existing facilities, and
design manuals, for reasonable configurations and dimensions.

The Los Angeles Department of Building and Safety (LADBS) parking design requirements
(effective 10-1-99) were selected to assist in creating typical parking garage configurations, which
includes required minimum dimensions for parking stalls and drive aisles that directly correlate to the
overall parking garage dimensions.

Six different parking garage configurations were considered:
Single helix with two-way traffic;

Double helix with two-way traffic;

One-way flat floor with one-way ramps;

One-way flat floor with two-way ramps;

Single helix 'up’ with circular dedicated 'down' ramp;
Flat floors with circular dedicated 'up’ and ‘down’ ramps.

Qs whE

Figure 1 illustrates these six configurations.
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Figure 1: Typical Parking Garage Configurations
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2.1.2 Verify IESNA Design Criteria for Parking Garages

IESNA criteria for parking garage interiors were examined. The recommended illuminance criteria
for parking garages are included in Figure 2 below, per IESNA Lighting for Parking Facilities (RP-
20-98 - Table 2).

Area Minimum Horizontal Maximum:.Mini_mum .
llluminance, [fc] | Horizontal Uniformity Ratio
Basic 1.0 10:1
Ramps (Night) 2.0 10:1
Entrance Areas (Night) 1.0 10:1

Figure 2 : Parking Garage Lighting Design Criteria

Note that this does not include the 'rule of thumb' guideline that is stated in a note below the guideline
table, which effectively states that the designer can use five foot-candles for preliminary design. This
basic guideline is not part of the actual design criteria, and while the approach to apply more light
than is necessary may have been viable at one time, this approach can no longer be reliably applied
within the State of California with some light sources and garage configurations because it may not
meet the LPA limits.

Only the specific lighting design criteria listed in Figure 2 above were applied when establishing the
LPA values for the parking garage parking and drive aisle areas.

2.1.3 Determine Currently-Available Lighting and Controls Equipment Options

Currently available equipment options appropriate for parking garages were examined, and luminaire
and control system manufacturers were engaged to discuss the future of parking garage lighting. (it
was determined that luminaires utilizing High-Intensity Discharge (HID) and linear fluorescent lamp
technologies are both widely available and commonly used. LED and induction technologies provide
alternatives, and are often used in retrofit scenarios.

The availability of luminaire-integrated controls was also reviewed, and it was shown that integral
occupancy sensing in parking garage luminaires is still not widely available from multiple
manufacturers. However, the availability of interior parking garage luminaires with integral
occupancy sensors is increasing. In general, manufacturers are providing the option for an integral
occupancy sensor on fluorescent, LED, and induction luminaires, all of which are capable of simple
bi-level control. As of February 2011, no standard luminaire has been found that can be provided with
integral occupancy sensing to control HID luminaires.

2.1.4 Model Lighting Options for Power Density Calculations

Based on the review of typical parking garage luminaires and the 'typical’ parking garage
configurations, a series of illuminance calculations were performed using the lighting calculation
software AGI32 to establish the minimum power density required to meet the IESNA criteria. These
calculations were performed on a series of four configurations:
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Deep cross-section: perpendicular parking on both sides with two-way drive aisle.

Mid cross-section: perpendicular parking on exterior side only with two-way drive aisle.
Shallow cross-section: diagonal parking on exterior side only with one-way drive aisle.
Infinite parallel planes (theoretical minimum, not tied to a particular geometry).

el N =

Figure 3 shows the layouts for configurations 1 (Deep), 2 (Mid) and 3 (Shallow). While deeper
configurations are likely to exist, as shown in Figure 1, the Deep cross-section configuration shown
below was restricted to a depth more appropriate for quantifying the impact of sidelighting.
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Figure 3: Garage Configurations for Lighting Power Density Calculations

This calculation effort was focused on the basic parking areas of the garage, which account for the
majority of the typical floor plate through all of the ‘typical’ configurations reviewed. Illuminance
calculations were conservative, using manufacturer-rated mean lamp lumens, a 70% Luminaire Dirt
Depreciation (LDD), and low interior surface reflectances (15% Floor, 25% Ceiling, and 30% Walls).

This framework shifts the baseline technology from HID, which was the baseline technology for the
2008 and previous code revision cycles, to linear fluorescent, which is a very common and low-cost
method of illuminating parking garages. Linear fluorescent appears to be the most prevalent light
source technology employed in the State, especially in the warmer environments. While this shift was
performed, the adjusted LPA values will still accommodate HID sources when the garage is designed
using reasonable quality lighting equipment.
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2.1.5 Analysis of Results

The results of the power density calculations indicate that there is room in the LPA values to lower
the basic parking allowance considerably and still leave room for all lighting source technologies to
meet or exceed the recommended design criteria. Refer to Figure 4 and Figure 5 below for the
calculation results for a variety of different light sources and luminaire types based on the Deep cross-
section configuration. Refer to Appendix B: Power Density Calculations for the full calculation
results.

Lamps Deep
Lu r_:_];;zl re Description ;L;rri?ir;ilcr; Qty| Type I';:LTC\?;ES LPD E (min) |\|<|/|a:>r(, E (avg)

FL1 Lamar Occu-Smart 85% 2 | T8 55 0.072 1.0 7.20 3.69
FL2 [Columbia Gasketed 88% 2 | T8 55 0.068 1.0 8.50 4.03
FL3 |Columbia Bare Strip 89% 2 | T8 55 0.072 1.1 6.55 3.81
FL4 |Columbia Bare Strip 89% 1] T8 27 0.053 1.0 4.10 2.83
FL5 Lithonia VAP, Wide 76% 2 | T8 55 0.084 1.0 8.30 4.44
FL6 |Prudential White Wrap 61% 1] T8 27 0.048 1.1 2.27 1.67
FL7 |Prudential White Wrap 62% 2 | T8 55 0.099 1.0 6.30 3.91

Awerage: 0.071

Maximum:~  0.099

Minimum: " 0.048

Figure 4: Fluorescent llluminance and Power Calculation Results
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Lamps Deep
Lur_rr1;/r£| re Description LEl;f?(];lir;ilgj Qty| Type Ih;ﬂ'g&;& LPD E (min) T/?r(] E (awg)

MH1 Gardco GP1 87% 1 |PSMH 129 0.085 1.0 4.70 2.81
MH 2 Lithonia PGR 81% 1| MH 140 0.078 11 4.82 2.37
MH3  |McGraw-Edison EPL 81% 1| MH 151 0.071 1.0 7.50 3.7
MH4  |Widelite RSP 74% 1| MH 129 0.074 1.0 350 211
HPS1 |Gardco GP1 87% 1 | HPS 130 0.076 11 3.45 2.61
HPS2 |KIM PGL4 86% 1 | HPS 108 0.060 1.0 5.50 2.34
HPS 3 |Lithonia PGR 82% 1 | HPS 135 0.074 11 5.27 2.60
HPS 4  |McGraw-Edison EPL 79% 1 | HPS 150 0.068 1.0 7.40 3.46
HPS5 |RUUD F515-SCL 78% 1 | HPS 170 0.112 1.4 9.07 4.85
LED1 [BetalLED 304 N/A 60 | LED 110 0.060 1.0 5.10 2.58
LED2 |Gardco ELG70LA N/A 49 | LED 68.7 0.048 1.0 370 2.62
LED3 |KIM PGL7 N/A 60 [ LED 73.1 0.042 1.0 2.00 1.62
LED4 |Widelite VIZOR 24" N/A 60 [ LED 68 0.040 1.0 3.00 175
IND1 |Gardco GP1 83% 1 IF 85 0.068 1.0 4.70 2.18
IND 2 KIM PGL4 91% 1 IF 86.8 0.069 1.0 5.70 2.33
IND3 |Widelite RSP 88% 1 IF 85 0.072 1.0 5.10 2.27
IND4 [Everlast Bi-Level not reported] 1 IF 82.6 0.060 1.1 8.36 3.40

Awerage: 0.068

Maximum: 0.112

Minimum:  0.040

Figure 5: Other Sources llluminance and Power Calculation Results

Based on the luminaire density needed to meet IESNA criteria, the resulting equipment cost density
was evaluated to understand the cost impact of switching to fluorescent as the technology baseline.
The equipment cost density divides the unit cost for a luminaire by area associated per luminaire, and
provides a basic understanding of the cost to install a lighting system in a general lighting condition
like this application. This information is provided in Figure 6 for two conditions. First, based on the
illuminance calculations, the minimum equipment cost density needed to meet IESNA criteria was
determined. Second, to normalize the comparison based on a desired power density of 0.14 WPF
instead of illuminance criteria, the resultant equipment cost density was determined.
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Minimum Spacing To Meet Criteria Spacing To Meet 0.14 W/sf
Input Power | E-W N-S Cost E-W N-S Cost

Luminaire Description Unit Cost | (High Mode)| Spacing | Spacing| LPD | Density | Spacing [Spacing| LPD | Density
4' (2) T8 Striplight with
Wireguard, Standard Ballast $ 60 55 28 28 0072 | $ 008 20 20 0140 [ $ 0.15
4' (2) T8 Striplight with
Wireguard, Bi-Level Ballast $ 105 55 28 28 0072 [$ 014 20 20 0140 | $ 027
4'(2) T8 Washdown Striplight,
Standard Ballast $ 110 55 29 28 0068 [$ 0.14 20 20 0140 | $ 028
4' (2) T8 Washdown Striplight,
Bi-Level Ballast $ 120 55 29 28 0.068 [ $ 0.15 20 20 0140 | $ 031
Everlast Bi-Level Induction
Luminaire, 70W $ 406 83 38 37 0060 | $ 0.29 24 24 0140 | $ 068
Everlast Bi-Level Induction
Luminaire, 70W, With Integral
Occupancy Sensor $ 491 83 40 46 0045 | $ 027 24 24 0140 | $ 083
Kim 100W HPS Luminaire,
Standard Ballast $ 326 108 42 43 0.060 | $ 018 28 28 0140 | $ 042
Widelite LED, No Integral
Controls $ 1502 68 40 43 0.040 | $ 087 22 22 0140 | $ 3.09
Widelite LED with Integral Occ
Sensor & Dimming Driver $ 1830 68 40 43 0040 | $ 1.06 22 22 0140 | $ 377
Beta LED (estimated cost) $ 750 110 38 48 0060 | $ 041 28 28 0140 [ $ 095
Kim LED $ 736 73 40 43 0042 | $ 043 23 23 0140 | $ 141
Kim LED with integral Occ
Sensor & Dimming Driver $ 955 73 40 43 0042 | $ 056 23 23 0140 | $ 183
Kim 85W Induction Luminaire,
Standard Electronics (Not Bi-
Level) $ 508 87 38 33 0069 | $ 041 25 25 0140 | $ 082

Figure 6: Equipment Cost Density Analysis

The results of this analysis indicate that the linear fluorescent systems can be substantially less
expensive for a parking garage, which is a good indication why it is the most commonly employed
design approach. Note that these values do not include installation, wiring or other associated costs,
so the total installed costs will differ somewhat from those calculates above.

2.1.6 Determine Recommended LPA Values

From these calculations, the recommended LPA for parking areas was set at a level that allows all
examined technologies to meet IESNA criteria in all evaluated configurations.

The analysis of the parking garage lighting power density illustrated the potential for reducing the
current LPA. The results of the calculations show that the fluorescent baseline design is driven
mostly by meeting the 1.0 fc minimum requirement, as the fluorescent system has much higher
uniformity in general than other systems considered. In general, these alternate light source

technologies are driven mostly by the uniformity design guideline.

These calculations support a reduction in the LPA from 0.20 WPF to 0.14 WPF. The overall

delivered illuminance in the various designs is provided, and shows that even at the low power
density necessary to meet the design criteria; there is often higher minimum illuminance values than
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are necessary. Figure 7 lists the recommended changes to the LPA values based on the Area Category
method.

Allowance Recommended Change? | Title 24-2008 LPA | Recommended LPA
Parking Garage - Parking Area | Reduce LPA by 0.06 WPF 0.20 WPF 0.14 WPF
. Split ‘Ramps’ & ‘Entries’
Parkin —
arkang Garage. Ramps and into two separate 0.60 WPF
Entries .
categories.
Parking Garage — Dedicated Reduce ‘Ramps’ LPA by
0.30 WPF
Ramps 0.30 WPF
Parking Ga — Daylight
arking Larage — ay-lg No changes 0.60 WPF 0.60 WPF

Adaptation Zones

Figure 7: Recommended Changes to Parking Garage LPA Values found in Table 146-F; Area
Category Method

The 'Ramps’ LPA was adjusted based on the design criteria as well, but in this case, the 2008
allowance was excessively high because '‘Ramps' was previously included with 'Entries’, which has the
very specific visual task requirement of adaptation from exterior light levels. The portion of the
garage just inside the entry door must have enough light to provide a reasonable distance of vision
into the space as the driver's visual system adapts from high exterior light levels to much darker
interior light levels. For this reason, the LPA in this zone needs to be substantially higher than in the
general garage.

The ramps do not require this adaptation lighting, and should be separated from the entry zone to
permit a more appropriate LPA value. With the 'Ramps' separated from 'Entries’, the LPA can be
lowered substantially, from the original 0.60 WPF value to a much more appropriate 0.30 WPF.
Because of the very specific visual task requirements, no changes are recommended to the new
‘Entries' category.

Based on the LPA values for 'Parking Area’ and 'Ramps and Entries’, the Title 24-2008 whole-
building allowance is comprised of approximately 13% 'Ramps and Entries' and 87% 'Parking Area'.
Of that, 70% was assumed to be ramps and 30% entry areas. As a result, the recommended complete-
building LPA was determined based on this distribution of areas in combination with the revised LPA
recommendations, as shown in Figure 8.

Recommended . Recommended
Allowance Change? Title 24-2008 LPA LPA
. Reduce LPA by
Parking Garages 0.10 WPE 0.30 WPF 0.20 WPF

Figure 8: Recommended Changes to Parking Garage LPA Values found in Table 146-E;
Complete Building Method

Cost-effectiveness of LPA reductions was not evaluated as the cost-effectiveness for reducing LPAs
is implicit. As shown, the reduced LPA is achievable with all types of luminaires examined, and
therefore makes to assumption that higher-cost equipment must be used. Energy cost savings are
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achieved by reducing the number of luminaires and therefore reduced energy consumption and
maintenance costs are expected.

2.2 Review Title 24-2008 Controls Requirements and Controls Viability

Section 131 currently exempts parking garages from most controls, so the baseline for controls
consideration is currently that none are required.

A state of the industry review was performed to assess the status and potential future capabilities for
several aspects of this work, including:

+ Sensor capabilities and limitations;

¢ Lamp/ballast interactions and limitations;

+ Dimming limitations in various light source technologies; and

+ Review existing PIER and GATEWAY projects to inform decision-making.

2.2.1 Sensor Capabilities and Limitations

Sensors have a limited range that results in some geometry problems when attempting to use the
sensor in large area lighting conditions. This can result in 'dead zones' that can be quite extensive,
especially when considering the potential shadowing associated with vehicles and other obstructions
in a parking garage.
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Figure 9: lllustration of PIR Sensor Range Limitations with Sensor Radius of 50 Feet

The example shown in Figure 9 uses a parking lot example where pole spacing, and thus sensor
spacing, must be large, but the same problem can occur in parking garages. Because the mounting
height of the sensor is limited by the ceiling height and on-center spacing are not limited to pole
spacing, parking garages are generally conducive to appropriate sensor coverage. However, coverage
that may be adequate in an empty garage could be obstructed by larger vehicles that cause 'shadows'
of invisible areas, called 'dead zones'.
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This particular issue has not been addressed adequately in design guidance documentation, and
awareness of the problem is low. One retrofit study (SCE, 2009) tested the coverage patterns in the
garage, and found the coverage insufficient. More details on this are found in Appendix C: Lighting
Controls Limitations Survey. Other preliminary studies have shown that this is a concern, and more
attention needs to be given to the potential problem. This is not an issue of viability, but of execution,
so this does not reduce the potential for controls in parking garages.

Refer to Appendix C: Lighting Controls Limitations Survey for a discussion and review of sensors for
lighting control in parking garages.

2.2.2 Lamp/Ballast Interactions and Limitations

There are some limitations associated with HID ballasts and lamps that limit the number of viable
options for designers. However, research indicates that all lamp wattages are supported for bi-level
capability, either through the lamp manufacturer, or through a third-party ballast manufacturer.

The largest issue with these interactions is the warranty support for the lamps when used on another
manufacturer's ballast. There needs to be more clarity within the industry about warranty support
before the implementation of this measure will be readily and fully supported by all aspects of the
lighting industry, especially lighting designers, equipment installers, and end users/owners.

However, the technology is capable of supporting the mandate, and the time associated with actual
adoption of this Title 24 revision will add additional time for manufacturers to develop capabilities
beyond what is currently available.

LED light sources will likely revolutionize the exterior lighting industry as well, replacing most low
and medium wattage light sources within 5 years. LED technology is much more readily dimmed,
has few of the technical limitations of HID sources, and should also not have issues associated with
warranty support, since the LED is ultimately part of the luminaire and must be supported by the
luminaire manufacturer rather than by a separate lamp manufacturer.

Refer to Appendix D: Lamps and Ballasts for Bi-Level Control for more detailed information
supporting this section.

2.2.3 Dimming Limitations of Various Light Sources

All of the light source technologies reviewed are capable of a 50% reduction in power input, though
fluorescent, LED and induction sources can dim much farther. The National Electrical Manufacturers
Association recommends that HID lamps be dimmed no further than a 50% reduction in power input
(NEMA, 2002).

The current language in Section 131 for multi-level lighting controls calls for "at least one control
step that is between 30 percent and 70 percent of design lighting power." It is clear that a light source
technology that can dim further may achieve greater energy savings in unoccupied situations.
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Many of the newer light sources, including LED, are capable of dimming beyond that range, and as
far as 90 percent. Additionally, low-cost fluorescent dimming ballasts are available that are capable
of dimming as far as 80 percent. While not a focus of this analysis, a change to the dimming range
limitation to accommodate this greater dimming capability is worth consideration for future code
revision cycles.

Refer Appendix D: Lamps and Ballasts for Bi-Level Control for more detailed information on this
section.

2.3  Pilot Project Review

In reviewing the pilot projects listed in 1.3 State of Market and Pilot Project Review, the addition of
occupancy-responsive controls provided additional energy savings by allowing the luminaires to
operate in 'LOW' mode when vacancy was detected. The logger data files and additional information
provided by the CLTC regarding sensor delay times and coverage patterns were analyzed to estimate
the actual occupancy patterns in the garages that resulted in the energy savings reported in the
submitted documents.

Review of the CLTC data and additional pilot programs demonstrated that occupancy-based lighting
controls can lead to significant energy savings in parking garages. The savings of those projects are
tied directly to their occupancy profiles and sensor delay times, and therefore the savings realized is
likely not typical of parking garages in general because aggressive (short) delay times appear to have
been used on many of the projects. Further information, including the analysis of the CLTC data, can
be found in Appendix F: Pilot Project Review Documentation.

Based on the data files provided by the CLTC for four university parking garage demonstration
projects and the delay times as reported by the CLTC, the approximate occupancy patterns within
each garage were examined. Since the data logger files were based on illuminance measurements at
the luminaire, they effectively include the impact of the sensor delay time, so it is unclear exactly how
many occupancy "events" occurred within the periods of high mode operation. Therefore, estimates
were made to determine approximately how many occupancy "events" would have been required to
maintain the lighting in "HIGH" mode for the durations shown. The average number of occupancy
"hits" that each sensor sees was determined for each data logger for each pilot study, and then those
curves were combined to create the approximate activity profiles as shown in Figure 10.
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Figure 10: Activity Profile for University Parking Garages Determined based on CLTC Data
Analysis

Since the specific test sites within the demonstration parking garages varied, the activity curve was
assumed to apply to the mid-point of the garage. This activity curves was then applied to the
advanced simulation model to evaluate the energy savings.

2.4  Daylighting Controls Analysis

The potential success of daylight-responsive controls as a mandatory measure was examined using the
lighting calculation software AGI32. Five configurations were established, all with a length of 175
feet, a width of 175 feet and a height of 13 feet. The opening-to-wall height ratio was varied
beginning at 35% up to 65% to determine the minimum threshold required for effective daylighting.
Illustrations defining these opening ratios are shown in Figure 11 through Figure 15.
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Figure 15: Cross-section of 35%
Opening-to-Wall Height Ratio

Prior to the simulations, the availability of daylight-responsive control system equipment for parking
garages was examined. Both integral and remote sensing technologies were reviewed and pilot
studies including daylight-responsive controls were reviewed.

The daylight calculations were performed under the following conditions:

Three days of the year: summer and winter solstice and equinox;

Three times per day: 9AM, Noon, and 3PM,;

Two sky conditions: clear and overcast;

Each simulation was performed with and without a row of cars parked directly in front of the
window.

These calculation conditions were selected since they allow for a simplified analysis of the
daylighting potential throughout the year and are typical daylighting calculation conditions.

* 6 o o

The four cardinal directions were analyzed independently. The distance into the space at which the
horizontal illuminance dropped below 25 fc was identified for each of the five models, as that
illuminance level is five times the IESNA 'rule-of-thumb' guide of providing 5 fc average in parking
garages. This level was selected because it is a point where the electric lighting (which often averages
about half of the 'rule of thumb' value) will be 10% of the daylight delivered illuminance. Defining
the lighting zone with this threshold permits several things to occur:

+ The daylighting will be considerably higher than the electric lighting, so fluctuations in the
daylighting will not necessitate cycling of the electric lighting system to ensure adequate light
levels for design criteria.

+ This level is high enough that the electric lighting will not be a substantial impact at the point
of threshold, but beyond the daylighted zone boundary, the daylight contribution decreases
rapidly, so electric lighting will be required to deliver full design illuminance.
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+ This is ultimately a conservative location, based on calculations that included vehicles in the
spaces, so While a more aggressive approach may save more energy, this approach ensures that
there is adequate light for less than ideal conditions.

+ This threshold also makes it viable to ignore the orientation of each wall of the garage,
simplifying design approaches for the design community.

+ The geometry of typical parking garages makes this threshold a logical location once the
analysis determined how far into the space this threshold would reliably be located.

The five models were then compared to determine the effective daylighted zone depth as well as the
minimum window-to-wall ratio that will provide effective daylighting. The full results of this
analysis are shown in Appendix G: Energy Modeling Documentation.

The results suggest that the daylighting is effective even in situations where the daylight availability is
less than ideal, and in many cases, the effectiveness of defining a daylighting zone are not limited by
general daylight availability for any orientation of the window, under all reasonable window cross-
section conditions exceeding 40% of the wall height, and independent of the number of cars located
directly at the window.

Based on the daylight autonomy calculations as shown in Appendix G: Energy Modeling
Documentation, it was determined that the ‘typical’ anticipated time during which the daylighting is
sufficient to extinguish the luminaires in the daylighted zone is approximately 30.7% of the total year.
Incorporating that estimate with calculated luminaire layouts for three typical cross-sections, the
anticipated percentage of annual energy savings was calculated, as shown in Figure 16:

. %W .
Number of LB Wats Total Lum_lna.ures in Annuf':ll %Tlme Annual Awerage | Minimum| Max:Min | Owerall
L per within .. | Daylit Zone is % ) .
Luminaires N Watts . Daylit ; E E Uniformity | LPD
Luminaire Daylit Zone Zone "OFF" Savings
Shallow 30 53 1,590 14 47% 30.7% 14.3% 5.90 11 5.36 0.134
Fluor.[Medium 59 53 3,127 17 29% 30.7% 8.9% 6.33 1.0 7.03 0.139
Deep 78 53 4,134 18 23% 30.7% 7.1% 6.77 1.6 4.23 0.139
Shallow 14 118 1,652 0 0% 30.7% 0.0% 6.79 2.2 541 0.134
HID [Medium 27 118 3,186 12 44% 30.7% 13.7% 7.02 31 3.16 0.136
Deep 36 118 4,248 10 28% 30.7% 8.5% 741 4.6 2.30 0.138
Shallow 14 124 1,736 0 0% 30.7% 0.0% 6.79 22 5.41 0.134
LED [Medium 27 124 3,348 12 44% 30.7% 13.7% 7.02 31 3.16 0.136
Deep 36 124 4,464 10 28% 30.7% 8.5% 7.41 4.6 2.30 0.138
Shallow 4.8%
Mean Medium 12.1%
Deep 8.1%

Figure 16: Summary of Impact of Daylight Calculations

This analysis does not make a value judgment on the 'usefulness' of the daylight that is penetrating the
space. To assist this understanding, a glare analysis was performed to understand how the daylighting
and electric lighting interact in a parking garage space.
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2.4.1 Daylighting Glare Analysis

When considering daylight-responsive controls, it was important to understand the visual impact of
electric lighting on interior daytime visibility. Using the five models from the daylight penetration
calculations, a series of simulations were performed to determine the luminance contrast between the
sky and the interior surfaces.

The simulations were performed both with and without the contribution from electric lighting, and the
ratio of diffuse surface luminance directly adjacent to the window to the effective diffuse sky
luminance was quantified for each model. Again, these simulations were performed on three days
(both solstices and one equinox) at three times per day (9AM, 12PM and 3PM) and under both clear
and overcast skies. Figure 17 presents a rendering from one model with the electric lighting 'ON’, and
the point values shown on all surfaces indicate the diffuse luminance. Figure 18 presents a rendering
from the same model with the electric lighting 'OFF', and the diffuse luminance values are again
shown.

Figure 17: Clear Sky: Electric Lighting 'ON’

Figure 18: Clear Sky: Electric Lighting '‘OFF’
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There is general belief in the industry that daylight from the windows will reduce visibility and create
a contrast condition that is too great for human vision to handle without using the electric lighting to
counteract that effect. This is the greatest argument against daylight dimming controls in parking
garages. The results of these simulations are provided in Figure 19. They indicate that regardless of
the electric light operation, the lighting conditions result in somewhat high contrast and the electric
lighting is incapable of improving the contrast conditions. While electric lighting designed to meet
the IESNA recommended criteria does not increase the contrast, it does little to improve the situation.

Typical Change in

Contrast due to

Electric Lights

Window | Window | Number of Windows Wall Wall Window: | Average | MaxMin | Overcast
Model # . . . . . . Clear Day
Width Height per Wall Length Height [Wall Ratio | Eelectric | Eelectric Day

1 27 8.5 4 117 13 60.4% 6.50 271 -0.61% -0.16%
2 27 75 4 117 13 53.3% 6.51 271 -0.61% -0.14%
3 27 6.5 4 117 13 46.2% 6.39 2.59 -0.60% -0.12%
4 27 55 4 117 13 39.1% 6.45 2.54 -0.60% -0.13%
5 27 45 4 117 13 32.0% 6.53 247 -0.59% -0.14%

Figure 19: Summary of Contrast Calculation

As daylight penetrates into a parking garage space from a typical sidelit configuration, the angle of
light propagation approaches horizontal. This is specifically the conditions where glare and decreased
visibility are perceived, so this condition was considered in these modeling exercises. This is an
additional reason that the 25 footcandle threshold was used for the daylighting analysis discussed
above; when this threshold was used, the daylight zone was reliably calculated to be 20 feet or greater
in the simulations.

The demarcation at 20 feet has a variety of lighting and physical benefits that support it as the
selection of the penetration limit for daylighting, including:
+ The geometry of typical parking garages essentially sets the daylight zone at slightly greater
than a single parking space depth, but not as much as a parking space plus 1/2 of the drive lane
width. This is significant because if a single luminaire is used in the design of the garage (in a
typical 'space-drive lane-space' cross-section) it is possible to locate it at the center of the drive
lane and not have it turned 'OFF' by the daylight sensor, which can potentially leave the
opposite side of the space darker than desired.
¢ The 20 foot depth line will be deep enough that the benefit is substantial, but not too deep that
the only source of light is a very low-angle daylight condition where glare and shadowing
effects are a source of visibility problems. Beyond the 20 foot line, electric light sources will
begin to take over the lighting requirements in the space, ensuring uniformity and design
criteria are met for the remainder of the garage floor plate.
+ The 20 foot line is typically going to capture a single row of luminaires along the window wall
but will not capture a second row unless the spacing is tight. In a two-row across arrangement
of luminaires, one half of the fixtures will be captured.

As a result, the limit of daylight zone calculations is recommended to be 20 feet in from the window.
Other details and limitations included in the recommended Section 131 documentation are mostly a
result of geometry conditions:

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls Page 37

*

The minimum window-to-wall height ratio of 40% of the wall height. This ensures adequate
light levels even on cloudy days, and regardless of orientation.

Parking garage side lit zones will be 20 feet deep, or to the first 5 foot high vertical
obstruction. This maintains consistency with other sidlit definitions.

The sidelit width will be the width of the window plus 2 feet on each side, or to the nearest
wall, whichever is lesser. This allows for otherwise continuously daylighted zones with up to
a 4 foot wide solid area between to be considered continuously daylighted, accounting for
structural interruptions to the window or opening.

Additionally, it is recommended that the controls requirement state that the lighting in the sidelit zone
must be 100% 'OFF' rather than mandating a bi-level approach. Since the lighting calculations have
indicated that a full power lighting system does little to help the contrast in a parking garage, a
dimmed system will be of no benefit at all, and more energy will be saved.

There are several exceptions that are recommended to the requirements:

*

A skylit or sidelit area that totals less than 250 square feet is not required to be controlled,
even if a luminaire is present in the daylight zone.

Sidelit zones where an adjacent structure is twice as tall as the distance away. The obstruction
must be at least as wide as the window for this to be applied.

Any lighting required for egress or emergency lighting.

Lighting specifically in the daylight adaptation zone or on dedicated ramps.

2.5

Occupancy Controls Analysis

Occupancy controls have different conditions than daylight controls that make a mandatory measure
less clear-cut with respect to cost effectiveness and overall logical application. Some of these issues

are:
.

Occupancy sensors create energy savings during low activity periods, typically at night when
the TDV costs are at their lowest.

The effectiveness of occupancy sensors is strongly dependent on a variety of factors, including
occupancy volume, occupancy patterns, and delay time. These all interact to make a clear
picture of the benefit of occupancy sensors less clear.

Because of the reduced LPA values, occupancy sensors may cut the light levels below the
IESNA recommended light level design criterion. This will require that occupancy sensors be
effective at sensing occupancy by either a car or pedestrian to ensure that the garage space is
not below recommended design levels when occupied.

There is very little knowledgebase available on use patterns or volumes of traffic in parking
garages that can be employed to model the impact of sensors.

Occupancy sensors will be more useful the further from the entry and exit points the control
zones are located. Sensors near the entries and exits may not be cost effective, depending on
traffic volumes.

However, occupancy sensors have a variety of benefits that make them appealing for a mandatory
control requirement:
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+ Occupancy sensors can effectively work in tandem with daylight sensors to bring down the
24-hour energy consumption by targeting times when daylight sensors are ineffective.

+ Occupancy sensors will be applied to the full parking area, not just on the perimeter near the
windows, so the benefit is potentially greater depending on the design of the parking garage.

+ Underground parking garages will be able to employ occupancy sensors, but are unlikely to be
able to employ daylight sensors.

+ In some cases, the setback light levels will increase lamp longevity, reducing maintenance
costs.

To do a thorough analysis of the occupancy sensor energy benefits a series of tasks were performed:
+ Develop a matrix of calculation variables.

Develop a prototype parking garage model.

Develop prototype occupancy use profiles.

Run the model for simulated 'normal’ conditions.

Perform analysis of the results.

* & 6 o

2.5.1 Develop a Matrix of Calculation Variables

To develop an energy calculation model that will represent the full range of conditions that may be
found in parking garages, a matrix of input variables was developed to ensure that all reasonable
conditions were simulated during the analysis process. Figure 20 below provides a list of the primary
variables used in the simulations:

USE TYPE TRAFFIC DAYLIGHT % ZONES ELECTRIC |SENSOR DELAY
VOLUME |AVAILABILITY| DAYLIGHTED |LIGHT SOURCE TIME
FLUORESCENT /
INPUT OFFICE PARK / HIGH / GOOD/ 80% / HID/ 5 DIFFERENT
VARIABLES MIXED-USE/ MEDIUM / | MODERATE/ 50% / LED / DELAY SLOTS
TRANSPORTATION LOW POOR 20% INDUCTION AVAILABLE

Figure 20: Matrix of Primary Calculation Variables
These variables are discussed in Section 2.5.3 Develop Prototype Occupancy Use Profiles below.

Figure 21 indicates the secondary calculation variables. These variables do not impact functionality
of the system, and therefore can be applied post-hoc to examine the impact on cost-effectiveness. For
example, all of the equipment and installation costs are calculated in present value and can be added
to the TDV-weighted 15-year annual energy cost to understand the impact of various physical
configurations that produce the same functionality.

SENSOR SENSOR LIGHTING SYSTEM
CONFIGURATION | COST |EQUIPMENT COST | MAINTENANCE
INPUT INTERNAL/
VARIABLES REMOTE VARIABLE VARIABLE VARIABLE

Figure 21: Matrix of Secondary Calculation Variables
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2.5.2 Develop a Prototype Parking Garage Model

Life-cycle cost analysis of both daylight- and occupancy-responsive controls as a mandatory measure
was conducted. In order to perform the life-cycle cost analysis, a detailed simulation program was
created using Visual Basic through Microsoft Excel. The simulation program requires various
physical inputs, including the size of the garage, daylight availability, lighting system and number of
zones. Two types of occupancy profiles are also input into the simulation. This is discussed in the
section 2.5.3 Develop Prototype Occupancy Use Profiles below.

Figure 22: Prototype Parking Garage Model

The physical shape of the modeled parking garage is comparable to a single helix garage as shown in
Figure 22. It was set to contain 320 parking spaces over 4 floors of parking. There is no top deck
parking included in this design, so it represents most closely a garage within a larger building.
However, the design also fairly represents a garage with a top deck, except the volume of the garage
would be increased slightly to accommodate the higher total number of cars the garage can hold. This
adjustment would decrease the energy savings slightly.

The single helix has the most straightforward geometry for modeling the impacts of a car entering and
leaving the garage. It does not provide any 'shortcut’ exit routes for a vehicle, so it may result in a
higher prediction of traffic volume in the space compared to a double helix or other design.

In the model, each lighting control zone was given a number starting at the entry zone, and increased
as the vehicle drives through the garage up to the top. The highest control zone number represented
the furthest possible driving distance from the entry that a car can travel.

Based on the input occupancy profiles and physical information, a year of activity was simulated to
estimate the impact of the control systems. For each hour of the year, the simulation randomly
assigns all incoming traffic and cues cars in 15 second intervals to avoid simultaneous arrivals. It was
assumed that the cars filed into the garage perfectly by parking in the first available space.
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The hourly exits were then randomly assigned to times within the hour and queued to avoid having a
negative garage population. The exiting was also assumed to be random in that any car in the garage
can leave. The simulation then determines the hourly impact of the entrance and exit ‘events' on the
different lighting control systems that are simulated simultaneously for all of the individual control
zones within the garage.

The twelve control systems include an 'UNCONTROLLED' scenario, which functions at full power
independently of daylight and occupancy, a control system that responds only to daylight, and the
ability to input five different occupancy sensor delay times and evaluate their impact both with and
without daylight-responsive controls. One possible matrix of the twelve control system is listed
below, but the delay time can be varied, so not every run used the same matrix:

CONTROL OCCUPANCY | TIME | DAYLIGHT
SYSTEM SENSING? [ DELAY [ CONTROL?

BASELINE X N/A X

DAYLIGHT ONLY X N/A \/
1A X
J 1 Minute
1B /
2A X
/ 25
Minutes
2B /
3A x
/ 5
Minutes
3B «
4A
J 75 x
Minutes
4B /
5A X

/ 10
Minutes
5B \/

Figure 23: Simulated Control Systems

The hourly duration of '"HIGH', 'TLOW" and 'OFF" operation for each control zone is then determined
across the full year, and weighted by TDV to determine the present value of 15 years of energy use.
The initial costs of the system, including the electrical and lighting installation costs, are included, as
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well as the on-going maintenance costs associated with lamp replacements, luminaire cleaning and
sensor failures, to determine the 15-year present value of the system.

To quantify the impact of daylight availability, an input parameter was created within the simulation
program to effectively adjust the daylight hours. This parameter varied from 'GOOD' daylight
availability, which provides effective interior daylighting from a half hour after sunrise to a half hour
before sunset. 'MODERATE' daylight availability has useable daylight hours 1 1/2 hour after sunrise
to 1 1/2 hour before sunset. 'POOR' daylight availability shrinks the useable daylight hours to 3 hours
after sunrise to 3 hours before sunset. The simulation also allows for the number of daylighted zones
per floor to be varied to allow an analysis of the impact of the physical geometry with regard to
daylighting.

Next, a series of run inputs was created which systematically varied the input parameters to provide a
parametric analysis. These inputs included the analysis of various lighting technologies, including
fluorescent, HID, LED and induction, all of which have varying associated equipment and electrical
costs in addition to variations in the availability of integral occupancy sensing.

The results of the simulation provided an overall estimate of the cost-effectiveness of the lighting
controls. The parametric analysis provided insight into the limiting conditions for cost-effectiveness.

2.5.3 Develop Prototype Occupancy Use Profiles

In order to use the simulation program, a series of occupancy profiles were created for analysis.
Three archetypal profiles were created to understand the impact of different use types, based on an
office park which has regular hours and little night-time activity, a mixed-use facility which has high
daytime and evening activity, and a transportation facility which has a steady 24/7 occupancy. For
each of these three archetypal profiles, three levels of occupancy were created as 'HIGH', 'MEDIUM'
and 'LOW' occupancy. Additionally, based on the results of the CLTC data analysis, a university
profile was created for analysis.

The baseline occupancy profile is first established as the percentage of the total garage that is
occupied at the beginning of each hour, and can be thought of as effectively counting the percentage
occupied the garage is at the beginning of each hour. This defines one aspect of the volume of traffic.
Figure 24 below shows the three levels of occupancy for Weekdays for the Office Park Garage
Profile, Figure 25 shows the profiles for Saturdays, and Figure 26 shows the profiles for Sundays.
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Figure 24: Office Park Garage Weekday Occupancy Profiles
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Figure 25: Office Park Saturday Occupancy Profiles
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Figure 26: Office Park Sunday Occupancy Profiles
The second occupancy profile, referred to as transient profile, attempts to capture the in-and-out

activity that occurs within each hour, and is input as a percentage of the total garage volume. Figure
27 below shows a sample of the transient profiles for the Office Park use type.
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Figure 27: Office Park Transient Profiles

The two profiles individually do not produce a complete picture, and must be used in combination.
The occupancy profile produces information on the net number of cars that are arriving or leaving in
an hour, but does not account for cars that are offset in activity by another car that happens to do
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exactly the opposite in the same time period. The transient profile accounts for this hidden volume of
traffic.

For example, suppose a car enters the garage in an hour, so the volume of the garage increases by one
car. The next hour, a car leaves the garage, so the volume decreases by one car. The total amount of
activity recorded in the occupancy profile in this two hour period is two cars, and the net gain/loss is
zero cars. However, suppose five cars enter the garage, and four cars leave the garage in the first
hour, for a net gain of one car. In the second hour, five cars leave the garage, and four cars enter, for a
net loss of one car. In both of these examples, the occupancy profile (on an hourly basis) will look
identical, recording one net gain, and one net loss, but there were only two activity 'hits' in the first
example, and eighteen activity 'hits' in the second example.

As a result, sixteen of the eighteen cars were not counted in the occupancy profile, because it is only
capable of measuring the net activity in the garage (percentage full), and is incapable of actually
tracking the gross activity. Combined, these two profiles provide a reasonably accurate model of the
volume of traffic experienced by a garage. Figure 28 demonstrates the impact of the transient profile
on the hourly occupancy profile, showing how the transient profile serves to account for sub-hourly
activity. Figure 29 shows, for this same example, the cumulative 'hits' seen based on the occupancy
profile alone, and the occupancy profile modified by the transient profile.
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Figure 28: Example of Impact of Transient Profile on Occupancy Profile

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls Page 45

40

35
30 /

25 /

20 -

15 = -7

Cumulative "HITS"

10 -

5 / ’/
-~

0 ~
10:00 10:15 10:30 10:45 11:00 11:15 11:30 11:45 12:00

= == Base Occupancy Profile Occupancy & Transient Profile (Total Activity)

Figure 29: Example of Cumulative Activity based on Impact of Transient Profile on Occupancy
Profile

Occupancy profiles and transient profiles were developed for each of the use type categories, and in
three levels of traffic volume:

+ Office park (High, Medium, Low)

+ Mixed-use (High, Medium, Low)

¢ Transportation (High, Medium, Low)

Also included were deviations for Saturday, Sunday and Weekday adjustments.

Occupancy and transient profiles were also created for series of '‘Bust' configurations, which were
used to explore the limits of cost-effectiveness. Finally, a series of 'University' occupancy and
transient profile configurations were created to evaluate the results of the model in comparison to the
reported results from the pilot programs.

The complete profile information is included in Appendix H: Occupancy Profiles Documentation.
2.5.4 Run the Model for Simulated 'Normal' Conditions

The 'High' volume profiles for each Use Type are the most important because they reduce the
opportunity for the sensors to turn the lights down to a setback level. Those are therefore the critical
path in this analysis. Further, the Transportation Use Type has the highest volume of traffic on a 24/7

basis, so this particular run is likely to be the most difficult to show cost effectiveness.

The matrix of calculated energy runs is shown in Figure 30 below:
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INPUT VARIABLES
TRAFFIC DAYLIGHT % ZONES EL ECTRIC LIGHT
USETYPE VOLUME [ AVAILABILITY | DAYLIGHTED SOURCE SENSOR DELAYTIME
FLUORESCENT /
RUN OFFICE PARK / HIGH / GOOD/ 80% / HID / 5 DIFFERENT DELAY
NUMBER MIXED-USE/ MEDIUM / [ MODERATE/ 50% / LED / SLOTS AVAILABLE
TRANSPORTATION LOW POOR 20% INDUCTION
1 Trans. High Poor 50% Fluor. 1,25,5,75,10
2 Trans. High Poor 80% Fluor. 1,25,5,75,10
3 Trans. High Poor 20% Fluor. 1,25,5,75,10
4 Trans. High Moderate 50% Fluor. 1,25,5,75,10
5 Trans. High Good 50% Fluor. 1,25,5,75,10
6 Trans. High Poor 50% LED 1,25,5,75,10
7 Trans. High Poor 50% HPS 1,25,5,75,10
8 Trans. High Poor 50% IND 1,25,5,75,10
9 Trans. Medium Poor 50% Fluor. 1,25,5,75,10
10 Trans. Low Poor 50% Fluor. 1,25,5,75,10
11 Office Park High Poor 50% Fluor. 1,25,5,75,10
12 Office Park Medium Poor 50% Fluor. 1,25,5,75,10
13 Office Park Low Poor 50% Fluor. 1,25,5,75,10
14 Mixed Use High Poor 50% Fluor. 1,25,5,75,10
15 Mixed Use Medium Poor 50% Fluor. 1,25,5,75,10
16 Mixed Use Low Poor 50% Fluor. 1,25,5,75,10
17 Trans. High Poor 50% Fluor. 1,25,5,75,10
18 University 1/1 Poor 50% Fluor. 1,25,5,75,10
19 Bust - Good 80% Fluor. 1,25,5,75,10
20 Trans. High Poor 50% Fluor. 1,25,5,75,10
21 Trans. High Poor 50% Fluor. 10, 15, 20, 25, 30
22 Bust - Poor 20% Fluor. 1,25,5,75,10
23 University 2/2 Poor 50% Fluor. 1,25,5,75,10
24 Trans. High Poor 50% LED 1,25,5,75,10
25 Trans. High Poor 50% LED 10, 15, 20, 25, 30
26 Office Park Medium Poor 50% Fluor. 5, 10, 15, 20, 30
27 Office Park Medium Poor 50% LED 5, 10, 15, 20, 30
28 Office Park High Moderate 50% Fluor. 5, 10, 15, 20, 30
29 Mixed Use High Moderate 50% Fluor. 5, 10, 15, 20, 30
30 University 1/3 Poor 50% Fluor. 5, 10, 15, 20, 30
31 University 1/4 Poor 50% Fluor. 5, 10, 15, 20, 30
32 University 1/5 Poor 50% Fluor. 5, 10, 15, 20, 30
Figure 30: Matrix of Simulation Runs
This set of runs provides enough information to define from the best-case to the worst case conditions

that a garage is likely to experience. This set of runs also allows for the influence of specific variables
to be determined; for example:

1.

2.
3.

Comparing runs 1, 2 & 3 allows for the impact of the percentage of each floor that is
daylighted to be determined.

Comparing runs 1, 4 & 5 allows for the impact of daylight availability to be determined.
Comparing runs 1, 6, 7 & 8 allows for the comparison of different electric light source
technology.

Comparing runs 1, 9 & 10 allows for the impact of the traffic volume of the Transportation
occupancy profile to be understood.

Comparing runs 11, 12 & 13 allows for the impact of the traffic volume on the Office Park
occupancy profile to be understood.
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6. Comparing runs 14, 15 & 16 allows for the impact of the traffic volume on the Mixed Use
occupancy profile to be understood.

7. Comparing runs 20 & 21 allows for further in-depth analysis of the impact of occupancy
sensor delay time on energy consumption.

2.6  Results Analysis

The impact of each of the primary control variables was examined first to understand the threshold for
cost-effectiveness.

2.6.1 Impact of Occupancy Sensor Delay Time

Understanding impact of occupancy sensor delay time on potential energy savings was of key concern
during this study. Figure 31 demonstrates the results of the baseline system analysis as a function of
delay time. The main horizontal axis, labeled 'ZONE NUMBER,' indicates the depth into the garage,
where zone 1 is at the main entry and zone 40 is the furthest zone into the parking garage. The
vertical axis reports a zone-by-zone total 15-year cost relative to the uncontrolled baseline. This total
cost includes initial equipment and installation costs, 15-year energy cost and 15-year maintenance
cost. The depth axis reports these costs as a function of the occupancy sensor delay time, including
delay times of 1, 2.5, 5, 7.5, 10, 15, 20, 25 and 30 minutes.
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Figure 31: Zone-by-Zone Total Relative 15-Year Cost, Including Impact of Daylighting, Based
On "HIGH"® Transportation Occupancy Profile
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As shown in Figure 31, all of the lighting control zones in the design simulation fall below the red
line, which represents the ‘Uncontrolled’ baseline cost, have cost effectiveness. As the zones get
closer to the entry, the cost of the system gets closer to the 15 year benefit of the system, but never
actually reaches the break-even point (which is the 100% level). The figure also shows that as the
delay time increases, the benefits decrease, but again, all the control zones in the garage save money
in the 15-year analysis. As a result, with the assumed volume of traffic and in the traffic pattern of a
24/7 style transportation hub garage, the whole garage will be cost effective regardless of the delay
time used. This simulation includes the benefit of daylighting in the garage spaces. The daylighting
is a significant benefit, as the simulation below will describe.
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Figure 32: Zone-by-Zone Total Relative 15-Year Cost, Without Impact of Daylighting, Based on
"HIGH' Transportation Occupancy Profile

Figure 32 indicates the same relative zone-by-zone total cost but does not include the impact of
daylighting. As shown, there are zones in the garage that no longer have cost effectiveness, even with
the minimum time delay of 1 minute. By approximately 3.5 minutes, the occupancy sensor measure
is not cost effective for the garage as a whole by itself.
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Figure 33: Complete Garage Relative 15-Year Cost, Without Impact of Daylighting, Based on
'HIGH' Transportation Occupancy Profile

Figure 33 provides the complete garage cost-effectiveness as a function of occupancy sensor delay
time without the impact of daylighting relative to the '‘Uncontrolled’ baseline cost of 100%.

This garage is likely to be an outlier in use volume context for the state, especially with regular late-
night traffic that many garages will not have. However, it is important to understand that there will be
situations where specific control zones and possibly the entire garage may not meet the cost
effectiveness measure. Also, this simulation represents a garage that has no daylighting, which is
normally not the case, but does occur with city garages at times, and also represents the interior
portions of a very deep, large garage, beyond the useful daylighting zones.

As the percentage of usefully-daylighted space in a garage decreases, the complete garage energy
savings will decrease somewhat because daylighting is very cost-effective.
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Figure 34: Zone-by-Zone Total Relative 15-Year Cost, With Impact of Daylighting, Based on
'MEDIUM' Office Park Occupancy Profile

Figure 34 shows the performance of a more typical parking garage, with medium occupancy volume,
and an office park use profile. This simulation includes both daylighting and occupancy sensors. As
can be seen, the entire garage has good payback regardless of the delay time setting. Since most of
the volume of the garage happens during the day, the daylighting is beneficial, but ultimately the low
volume at night produces a significant savings benefit.

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls Page 51

v ||| 1[[T]1]

105%

100%
95%
0% +— I‘I,_,,_
85% 4+

80%

TOTAL 15-YEAR ZONE COST RELATIVE TO
UNCONTROLLED BASELINE

5-Min
ZONE NUMBER 38 39 OCCUPANCY

SENSOR
DELAY TIME

= 75%-80% 80%-85% = 85%-90% = 90%-95% = 95%-100% 100%-105% = 105%-110%

Figure 35: Zone-by-Zone Total Relative 15-Year Cost, Without Impact of Daylighting, Based on
'MEDIUM' Office Park Occupancy Profile

Figure 35 shows the same garage simulation with no daylighting contribution. The cost to benefit
ratio decreases, and some zones now have become not cost effective. However, the entire garage
remains cost effective, regardless of the occupancy sensor delay time, due to the relatively low
nighttime activity.

2.6.2 Impact of Traffic Volume

The traffic volume is a variable that will impact the cost effectiveness, but it may not be as great a
variable as one may think when daylighting is present. The traffic volume impacts the cost
effectiveness deeper into the garage than near the entry, because once the entry zones reach
'saturation’ (the point where more cars entering does not add any more energy consumption), the
volume becomes hidden behind a 'full ON' lighting situation.

Further into the garage, the lighting systems do not reach that saturation point as quickly, if at all, so
the differences in the volume of traffic become more apparent. Figure 36 shows this effect clearly; the
difference in cost compared to the baseline is fairly small near the entry, but midway into the garage,
the difference is substantial. By the furthest reaches of the garage, all volume levels have evened out
to the baseline 'LOW' power consumption.
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Figure 36: Zone-by-Zone Total Relative 15-Year Cost, With Impact of Daylighting, Based on
Transportation "High' Occupancy Profiles

The traffic volume becomes much more apparent when daylighting is not available. At that point, the
daytime volume shows significant impacts from the volume of traffic during the day, which pushes
the zone cost higher and closer to the ‘Uncontrolled' baseline zone cost.

Figure 37 shows the impact of traffic volume on the garage when no daylighting is present. The
range of values that the zones move through is much greater than the daylighted mode, and the hill of
impact pushes further into the garage zones, both making the garage less cost effective. Note that this
simulation shows that the 'High' activity level just breaks through the break even line so that a zone or
two are not cost effective, although the entire garage is.

These simulations that test a single variable all use a 1 minute delay time so the interactions of the
other variables are more easily seen (zones will hit saturation much less rapidly with longer delay
times). While these figures appear to make a specific measure appear cost effective, or not, they are
much more useful to understand the interactions of the variables rather than using them as a
determination of overall system success. To understand that for a specific system, the model
simulation must be run using a more reasonable delay time; which might be 5 minutes or 10 minutes.
This will push all the curves up the scale, and portions that are shown as cost effective will no longer
be so.
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Figure 37: Zone-by-Zone Total Relative 15-Year Cost, Without Impact of Daylighting, Based on
Transportation ""High' Occupancy Profiles

2.6.3 Impact of Daylight Availability

The amount of daylight availability has relatively little impact on the cost effectiveness matrix. This
may also appear counter intuitive because it creates such a substantial impact on the overall curve, but
even a 'Poor' daylight availability situation has a substantial amount of useful light such that the
daylighting zones are turned off regardless of their daylight availability most of the time.

This is partly due to the large amounts of daylight compared to the electric light design levels for a
garage, and partially because the daylighting zone has to be set somewhat conservatively because of
the issues of the quality of light in the space, which cannot be ignored.

Since a 'Poor’ daylighted space still gets penetration into the 20 foot line of the daylighting zone most
of the time, it is able to turn off lights as effectively as a 'Good' space. Figure 38 shows this effect in
that the values from 'Poor’ to 'Good' vary somewhat, but not in a real strong manner.
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Figure 38: Zone-by-Zone Total Relative 15-Year Cost, Based on Transportation ""High"
Occupancy Profiles

The results of the control system simulation program illustrated that daylight availability has little
impact on the overall cost-effectiveness of daylight-responsive controls. Peak TDV numbers occur at
the peak of daylight, independent of the level of daylight availability, and therefore the daylight-
responsive systems effectively shed load during peak hours.

2.6.4 Impact of Percentage of Floor Daylighted

The percentage of the floor plate that can be usefully daylighted has an impact on the cost
effectiveness of the lighting system. As with the other variables, this impact improves cost
effectiveness with increased access to daylighting, but the impact is not as large as might be expected
because the benefit only occurs during the day, and does not occur through the night when the
occupancy sensors control the system.

Figure 39 shows the impact on the average garage cost comparison rather than zone-by-zone, because
the daylight availability is very geometry specific, impacting individual zones substantially,
producing a graph that is difficult to interpret.
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Figure 39: Impact of the Percentage of Each Floor with Access to Daylight

2.6.5 Comparing Electric Light Source Technologies

Figure 40 provides a comparison of four common light source technologies used in parking garage
lighting designs. The 'Uncontrolled' Baseline bar represents the total 15-year cost density of each
system applied to the same garage conditions. As is clear, there is a large variation in the total cost
per square foot associated with the various light source technologies.
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Figure 40: Electric Light Source Technology TDV Cost Comparison

In all cases, the controlled systems show lower cost density than the ‘Uncontrolled’ Baseline system
options, indicating that mandatory controls can be applied to all light source technologies effectively.

2.6.6 Comparison to Pilot Projects

Based on the review of the pilot projects and the University profiles created, the simulation results
were compared to the savings results as reported in the CLTC/PIER documents. Figure 41 includes

this comparison.
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TYPEOF PILOT PROJECT CLTC/PIER REPORTED
RESULTS NAME RESULTS
30-50% energy savings anticipated
UC Davis Induction | 32% energy savings per luminaire,
including a technology change
Overall Energy 53% total energy savings from
Cost Savings UCSB Induction retrofit, including technology
change and controls

68% energy savings, including
technology change and controls

SIMULATION RESULTS

42% 15-year energy cost
savings, without
technology change

CSU Sacramento

Energy Cost 0 ; 0 i
Savings from | UCSB Induction 12.2% ene:jg;/ Icio;tti;avmgs from 16/(;:a|\i/|r;]gtjisnfrom
Daylighting yHghting ylghting
. . . 48% of operating hours in
0 " "
Operathna_ll CSU Sacramento 60% of operating Bgits in "HIGH "HIGH" mode at mid-point
Characteristics mode

of garage

Figure 41: Comparison Showing Results of Pilot Projects Compared to Results of Simulations

As shown, the overall energy cost savings from daylight- and occupancy-responsive controls found
using the simulation program was determined to be in-line with the savings reported from the
demonstration sites. The energy cost savings from daylighting alone were also verified, along with
the reported operational characteristics.

This illustrates that the simulation program provides a reasonable method for determining the
potential energy cost savings as it validates the simulation with real-world results. This also confirms
that there is a high energy savings potential in these types of low-volume garages, both due to
occupancy-based and daylight-responsive controls.

2.7  Overall Cost-Effectiveness

Based on the results of the simulation, the overall cost-effectiveness of daylight- and occupancy-
responsive controls were determined.

2.7.1 Daylight-Responsive Lighting Controls

As shown in Figure 42, daylight-responsive lighting controls in parking garages are anticipated to be
cost-effective, with a benefit-to-cost ratio of 17.
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COST/Sq.| 15-YEARTDV |BENEFIT-TO- COST

MEASURE Ft. SAVINGS / Sq. Ft. | COST RATIO | EFFECTIVE?
Daylight-

Responsive| $ 0.013 | $ 0.229 17.0 YES
Controls

Figure 42: Overall Cost-Effectiveness of Daylight-Responsive Switching

2.7.2 Occupancy-Responsive Lighting Controls

Figure 43 illustrates the overall cost-effectiveness of occupancy-based controls. The 15-year energy
cost savings used for this basis was determined by weighting the 15-year energy cost savings from the
three 'HIGH' volume occupancy profiles, assuming that 5% of garages in the State follow the
‘Transportation' profile, and the remaining 95% are split evenly between the 'Office Park' and 'Mixed
Use' profiles. This calculation is also based on using a 15-minute time delay for occupancy sensing,
which is recommended as the high limit for occupancy sensing time-out.

MEASURE COST/Sq.| 15-YEARTDV |BENEFIT-TO- COST
Ft. SAVINGS / Sq. Ft. | COST RATIO | EFFECTIVE?
Occupancy-
Responsive | $ 026 | $ 0.29 11 YES
Controls

Figure 43: Overall Cost-Effectiveness of Occupancy-Responsive Bi-Level Controls

Figure 44 shows the total 15-year cost relative to the 'Uncontrolled’ Baseline for the three occupancy
types as a function of occupancy sensor delay time. As shown, garages with the 'Office Park’ profile
should be cost-effective at any delay time. Garages with the 'Mixed Use' profile should be cost-
effective when the sensor delay time is approximately 18 minutes or less. Finally, garages with a
fairly high constant level of occupancy, as represented by the "Transportation' profile, will struggle to
be cost-effective when the delay time is 5 minutes or longer; however, it is also assumed that very few
garages in the State will exhibit this type of occupancy profile.
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Figure 44: Total 15-Year Cost for Three "HIGH" Occupancy Profiles as a Function of
Occupancy Sensor Delay Time

2.8

Statewide Savings Analysis

Information will be provided as Statewide predictions are completed.
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3.

Recommended Language for the Standards Document,

ACM Manuals, and the Reference Appendices

3.1

Recommended Changes to Section 131

SECTION 131 — INDOOR LIGHTING CONTROLS THAT SHALL BE INSTALLED

(@)

(b)

(c)

Area Controls.

1. Each area enclosed by ceiling-height partitions shall have an independent switching or control device. This
switching or control device shall be:

A. Readily accessible; and

B. Located so that a person using the device can see the lights or area controlled by that switch, or so that the
area being lit is annunciated; and

C. Manually operated, or automatically controlled by an occupant-sensor that meets the applicable requirements
of Section 119.

2. Other devices may be installed in conjunction with the switching or control device provided that they:

A. Permit the switching or control device to manually turn the lights off in each area enclosed by ceiling-height
partitions; and

B. Reset the mode of any automatic system to normal operation without further action.

EXCEPTION 1 to Section 131(a): Up to 0.3 watts per square foot of lighting in any area within a building that must
be continuously illuminated for reasons of building security or emergency egress, if:

A. The area is designated a security or emergency egress area on the plans and specifications submitted to the
enforcement agency under Section 10-103(a)2 of Title 24, Part 1; and

B. The security or egress lighting is controlled by switches accessible only to authorized personnel.
EXCEPTION 2 to Section 131(a): Public areas with switches that is accessible only to authorized personnel.

Multi-Level Lighting Controls. The general lighting of any enclosed space 100 square feet or larger, and has a
connected lighting load that exceeds 0.8 watts per square foot, shall have multi-level lighting controls. Multi-level
controls shall have at least one control step that is between 30 percent and 70 percent of design lighting power and allow
the power of all lights to be manually turned off. A reasonably uniform level of illuminance shall be achieved by any of
the following:

1. Continuous or stepped dimming of all lamps or luminaires; or

2. Switching alternate lamps in luminaires, alternate luminaires, and alternate rows of luminaires.
EXCEPTIONS to Section 131(b):

1. Lights in corridors.

2. Aspace that has only one luminaire with no more than two lamps.

Parking Garage Areas. The general lighting of any parking garage or loading/unloading space shall have lighting

controls. Controls shall have at least one control step between 20 percent and 50 percent of design lighting power and
allow the power of all lights to be manually turned off. A reasonably uniform level of illuminance shall be achieved
by any of the following:

1. Continuous or stepped dimming of all lamps or luminaires; or
2. Switching alternate lamps in luminaires, alternate luminaires, and alternate rows of luminaires.
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EXCEPTION to Section 131(c): Lighting specifically designated necessary for building emergency lighting systems
if the specific area is designated as part of an egress path on the plans and specifications submitted to the enforcement
agency under Section 10-103(a)2 of Title 24, Part 1.

(ed) Daylight Areas.

1. Daylight areas shall be defined as follows:

A. DAYLIGHT AREA the total daylight area shall not double count overlapping areas with any primary sidelit
daylight area, secondary sidelit daylight area, or skylit daylight area.

B. DAYLIGHT AREA, PRIMARY SIDELIT is the combined primary sidelit area without double counting
overlapping areas. The floor area for each primary sidelit area is directly adjacent to vertical glazing below the
ceiling with an area equal to the product of the sidelit width and the primary sidelit depth.

The primary sidelit width is the width of the window plus, on each side, the smallest of:

i. 2 feet;or

ii. The distance to any 5 feet or higher permanent vertical obstruction.

The primary sidelit depth is the horizontal distance perpendicular to the glazing which is the smaller of:
i.  One window head height; or

ii. The distance to any 5 feet or higher permanent vertical obstruction.

C. DAYLIGHT AREA. SECONDARY SIDELIT is the combined secondary sidelit area without double counting
overlapping areas. The floor area for each secondary sidelit area is directly adjacent to primary sidelit area with
an area equal to the product of the sidelit width and the secondary sidelit depth.

The secondary sidelit width is the width of the window plus, on each side, the smallest of:
i. 2feet;or

ii. The distance to any 5 feet or higher permanent vertical obstruction; or

iii. The distance to any skylit daylight area.

The secondary sidelit depth is the horizontal distance perpendicular to the glazing which begins from one
window head height, and ends at the smaller of:

i. Two window head heights;
ii. The distance to any 5 feet or higher permanent vertical obstruction; or
iii. The distance to any skylit daylight area.

D. DAYLIGHT AREA, SKYLIT is the combined daylight area under each skylight without double counting
overlapping areas. The daylight area under each skylight is bounded by the rough opening of the skylight, plus
horizontally in each direction the smallest of:

i. 70 percent of the floor-to-ceiling height; or
ii. The distance to any primary sidelit area, or the daylight area under rooftop monitors; or

iii. The distance to any permanent partition or permanent rack which is farther away than 70 percent of the
distance between the top of the permanent partition or permanent rack and the ceiling

E. DAYLIGHT AREA, PARKING GARAGE SIDELIT is the combined sidelit area without double
counting overlapping areas.

The sidelit width is the width of the opening plus, on each side, the smallest of:

i. 2feet;or

ii. The distance to any 5 feet or higher permanent vertical obstruction.

The sidelit depth is the horizontal distance perpendicular to the opening which is the smaller of:
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i. 20 feet; or

ii. The distance to any 5 feet or higher permanent vertical obstruction.

The area shall be considered daylighted when the following conditions are met:

i. A minimum of 40 percent of the floor-to-ceiling wall height is window or open.

ii. The minimum total length of sidelit opening in the affected space is 10 feet.
F. DAYLIGHT AREA, PARKING GARAGE SKYLIT is defined as DAYLIGHT AREA, SKYLIT.

2. Luminaires providing general lighting that are in or are partially in the skylit daylight area and/or the primary sidelit
daylight area shall be controlled as follows:

A. Primary sidelit and skylit daylight areas shall have at least one lighting control that:

i.  Controls at least 50 percent of the general lighting power in the primary sidelit and skylit daylight areas
separately from other lighting in the enclosed space.

ii. Controls luminaires in primary sidelit areas separately from skylit areas.

EXCEPTION to Section 131(c) 2A: Primary sidelit and skylit daylight areas that have a combined area
totaling less than or equal to 250 square feet within any enclosed space.

B. For all skylit daylight areas:
i.  The skylit daylight area shall be shown on the plans.

ii. All of the general lighting in the skylit area shall be controlled independently by an automatic
daylighting control device that meets the applicable requirements of Section 119.

iii. The automatic daylighting control shall be installed in accordance with Section 131(c)2D.

EXCEPTION 1 to Section 131(c)2B: Where the total skylit daylight area in any enclosed space is less than
or equal to 2,500 square feet.

EXCEPTION 2 to Section 131(c)2B: Skylit daylight areas where existing adjacent structures obstruct direct
beam sunlight for at least 6 hours per day during the equinox as calculated using computer or graphical
methods.

EXCEPTION 3 to Section 131(c)2B: When the skylight effective aperture is greater than 4.0 percent, and
all general lighting in the skylit area is controlled by a multi-level astronomical time switch that meets the
requirements of Section 119(h) and that has an override switch that meets the requirements of Section
131(d)2.

EXCEPTION 4 to Section 131(c)2B: Skylit daylight areas where the effective aperture is less than 0.006.
The effective aperture for skylit daylight areas is specified in Section 146(a)2E.

|0

Luminaires providing parking garage lighting that are in or are partially in the PARKING GARAGE sidelit
daylight area and/or the PARKING GARAGE skylit area shall have at least one lighting control that:

i. Controls 100 percent of the general lighting power in the sidelit and skylit daylight areas separately from
other lighting in the enclosed space, in an ON/OFF manner.
ii. _Controls luminaires in sidelit areas separately from skylit areas.

EXCEPTION 1 to Section 131(c) 2C: Sidelit and skylit daylight areas that have a combined area totaling
less than or equal to 250 square feet within any enclosed space.

EXCEPTION 2 to Section 131(c) 2C: Sidelit daylight areas where existing adjacent structures are twice as
tall as their distance away from the opening or window, and at least as wide as the opening or window.
EXCEPTION 3 to Section 131(c) 2C: Lighting specifically in the daylight adaptation (transition) zone, and
lights on dedicated ramps (ramps without parking).

DEC. The primary sidelit area(s) shall be shown on the plans, and the general lighting in the primary sidelit areas shall
be controlled independently by an automatic daylighting control device that meets the applicable requirements of
Section 119 and is installed in accordance with Section 131(c) 2E.
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EXCEPTION 1 to Section 131(c) 2D: Where the total primary sidelit daylight area in any enclosed space
has an area less than or equal to 2,500 square feet.

EXCEPTION 2 to Section 131(c) 2_D: Primary sidelit daylight areas where the effective aperture is less
than 0.1. The effective aperture for primary sidelit daylight areas is specified in Section 146(a)2E.

EXCEPTION 3 to Section 131(c) 2 D: Primary sidelit daylight areas where existing adjacent structures are
twice as tall as their distance away from the windows.

ED. Automatic Daylighting Control Device Installation and Operation. Automatic daylighting control devices shall
be installed and configured to operate according to all of the following requirements:

i.  Automatic daylighting control devices shall have photosensors that are located so that they are not
readily accessible in accordance with the designer’s or manufacturer’s instructions.

ii. The location where calibration adjustments are made to the automatic daylighting control device shall be
readily accessible to authorized personnel, or located within 2 feet of a ceiling access panel that is no
higher than 11 feet above floor level.

iii. Automatic daylighting controls shall be multi-level, including continuous dimming, and have at least
one control step that is between 50 to 70 percent of rated power of the controlled lighting.

EXCEPTION 1 to Section 131(c) 2Eiii:
Controlled lighting having a lighting power density less than 0.3 W/ft%.

EXCEPTION 2 to Section 131(c)2Eiii: When skylights are replaced or added to on an existing
building with an existing general lighting system.

iv. Under all daylight conditions in all areas served by the controlled lighting, the combined illuminance
from the controlled lighting and daylight is not less than the illuminance from controlled lighting when
no daylight is available.

v When all areas served by the controlled lighting are receiving daylight illuminance levels greater than
150 percent of the illuminance from controlled lighting when no daylight is available, the controlled
lighting power consumption shall be no greater than 35 percent of the rated power of the controlled
lighting.
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3.2

Recommended Table 146-E and 146-F Changes

TABLE 146-E COMPLETE BUILDING METHOD LIGHTING POWER DENSITY VALUES

(WATTS/FT?)

TYPE OF USE ALLOWED LIGHTING POWER
Auditoriums 15
Classroom Building 1.1
Commercial and industrial storage buildings 0.6
Convention centers 1.2
Financial institutions 1.1
General commercial and industrial work buildings

High bay 1.0

Low bay 1.0
Grocery Stores 15
Library 1.3
Medical buildings and clinics 1.1
Office buildings 0.85
Parking Garages 0302
Religious facilities 1.6
Restaurants 1.2
Schools 1.0
Theaters 1.3
All others 0.6

Figure 45: Recommended Changes to Table 146-E
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TABLE 146-F AREA CATEGORY METHOD - LIGHTING POWER DENSITY VALUES (WATTS/FT?)

PRIMARY FUNCTION

ALLOWED LIGHTING
POWER (W/ft2)

PRIMARY FUNCTION

ALLOWED LIGHTING
POWER (W/ft?)

Auditorium 15 1 Laboratory, Scientific 14 4
Auto Repair 09 2 Laundry 0.9
Beauty Salon 17 Library Reading areas 1.2
Civic Meeting Place 13 1 Stacks 15
Classrooms, lecture, training, vocational 1.2 Lobbies Hotel lobby 11 1
room
Commercial and industrial storage 0.6 Main entry lobby 15 1
(conditioned and unconditioned)
Commercial and industrial storage 0.7 Locker/dressing room 0.8
(refrigerated)
Convention, conference, multipurpose 14 1 Lounge/recreation 11
and meeting centers
Corridors, restrooms, stairs, and support 0.6 Malls and atria 12 1
areas
Dining 11 Medical and clinical care 1.2
Electrical, mechanical, telephone rooms 0.7 Offices > 250 square feet 0.9
Exercise center, gymnasium 1.0 < 250 square feet 1.1
Exhibit, museum 2.0 Parking Garage Parking Area 0:20.14

Dedicated Ramps 0.3
Financial transactions 12 1 i 0.6

Daylight

Adaptation Zones
General Low bay 0.9 Religious Worship 15 1
_commgrual and High bay 1.0 2 Retail merchandise sales, wholesale 1.6
industrial work

showrooms
Precision 12 3 Tenant lease space 1.0
Grocery Sales 1.6 Theaters Motion picture 09 1
Hotel function area 15 1 Performance 14 1
Housing, Public, Multi-family, 1.0 Transportation Function 1.2
and Commons Dormitory
Areas " - -
Senior Housing 15 Waiting area 11 1

Kitchen, food preparation 1.6 All other 0.6

FOOTNOTES:

1. The smallest of the following values may be added to the allowed lighting power for ornamental chandeliers and sconces that are in
addition to and switched or dimmed on circuits different from the circuits for general lighting:

a. One watt per square foot times the area of the task space that the chandelier or sconce is in; or
b. The actual design wattage of the chandelier or sconce.

2. The smallest of the following values may be added to the allowed lighting power for specialized task work:
a. 0.5 watt per square foot times the area of the task space required for an art, craft assembly or manufacturing operation; or
b. The actual design wattage of the luminaire(s) providing illuminance to the specialized task area.

For spaces employing this allowance, the plans shall clearly identify all task spaces using these tasks and the lighting equipment designed
to illuminate these tasks. Tasks that are performed less than two hours per day or poor quality tasks that can be improved are not eligible

for this specialized task work allowance.

3. The smallest of the following values may be added to the allowed power for precision commercial and industrial work:
a. One watt per square foot times the area of the task space required for the precision work; or
b. The actual design wattage of the luminaire(s) providing the illuminance to the precision task area.

For spaces employing this allowance, the plans shall clearly identify all task spaces using these tasks and the lighting equipment designed
to illuminate these tasks. Tasks that are performed less than two hours per day or poor quality tasks that can be improved are not eligible

for this precision task work allowance.
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4. The smallest of the following values may be added to the allowed lighting power for specialized task work:
a. 0.2 watt per square foot times the area of the task space required for a lab in a school; or
b. The actual design wattage of the luminaire(s) providing illuminance to the specialized task area.

Figure 46: Recommended Changes to Table 146-F
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5. Appendix A: Parking Garage Light Source Technologies

Lighting for the interior of parking garages is currently regulated under Title 24 Section 146
“Prescriptive Requirements for Indoor Lighting,” but the lighting controls are being examined in
context with exterior lighting. Top deck levels, which are treated as exterior parking lots, are not
addressed in this document.

5.1 State of the Market

Currently, parking garage lighting is commonly achieved using high-intensity discharge (HID) or
linear fluorescent luminaires, both of which provide high light levels with reasonably low energy
consumption. Recent trends are toward using light-emitting diode (LED) luminaires in garages,
which provide low-energy white light alternatives that are inherently dimmable and controllable.
The interior spaces of parking garages are treated more similarly to interior spaces than to exterior
parking lots, and experience issues with visual adaptation when transitioning into and out of the
interior space. To account for the high exterior light levels during the day, the typical parking garage
interior lighting remains “on” at full power to provide high transition light levels.

Current control requirements for interior parking garages are included under the indoor lighting
control requirements, essentially requiring automatic shut-off either via time switch or occupancy
sensor, and daylight-responsive zoning.

5.2  Light Source Technologies

5.2.1 HID Lighting

High-intensity discharge luminaires provide a high-efficiency point-source option for lighting parking
garage interiors. Both Metal Halide (MH) and High-Pressure Sodium (HPS) lamps are commonly
used because of their long life and high efficiency. Since most HID lamps are essentially point
sources, significant optical control is achievable. MH lamps provide a “whiter” white light than HPS
lamps, and have a higher color rendering index (CRI). HID lamps are generally powered by core-
and-colil, also known as magnetic, ballasts, but an industry-wide trend toward electronic ballasts
seems to be emerging due to higher efficiencies, increased lamp performance and the potential for
dimming.

5.2.2 Fluorescent Lighting

Fluorescent luminaires provide a low-cost and flexible alternative for parking garage lighting
compared to HID luminaires. Fluorescent lamps, specifically T5 lamps, are the most efficacious light
sources currently available, and therefore can provide sufficient light levels with lower energy
consumption compared to HID lighting. Because of the extended diffuse nature of the fluorescent
lamp envelope, tight optical control is much more difficult, and thus the luminous distributions are
generally less precise than with a point source. Fluorescent luminaires are dimmable, lending
themselves to applications requiring dimming or bi-level control, and the luminaires can be provided
at a very low price point. Providing bi-level or dimming capabilities requires either a special

dimming or bi-level ballast, or a two-lamp luminaire in which the two lamps can be switched
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separately to provide two levels of output. In colder climates, fluorescent lighting has posed an issue
to due limited start-up capabilities at cold ambient temperatures. When used in conjunction with any
type of sensing equipment, the negative impact of switching on lamp life expectancy should be
considered.

Induction lamps, which are essentially electrodeless fluorescent lamps, have much longer lives than
typical linear fluorescent lamps due to the lack of electrode degradation. Induction lamps provide
white light at a reasonable efficacy, but are much larger than typical HID lamp configurations. The
availability of induction lamps for exterior lighting, including street and parking garage lighting, is
increasing due to the desirable benefits of white light for exterior spaces and the very long expected
life of induction technology.

5.2.3 LED Lighting

LED luminaires are quickly becoming a viable alternative to other white-light sources for parking
garage applications. LEDs have the potential for very precise optical control, and provide a low-
energy alternative. Historically, the cost per lumen for LEDs has made them cost-prohibitive as a
general solution, though the cost continues to decline. LEDs, which incorporate electronic drivers,
are inherently capable of multi-level dimming control, and are not negatively impacted by on/off
switching cycles or dimming. LED luminaires are less subject to low-end temperature operation
issues as seen with HID and fluorescent sources.

5.3  Sensor Technology

5.3.1 Integral Occupancy Sensors

Occupancy sensors respond to trigger the luminaires “on” when occupancy is detected, and then
extinguish the luminaires after no activity has been observed for a certain pre-determined period of
time.

Luminaires with integral occupancy sensors are becoming more widely available for both interior and
exterior applications. For specific low-use applications, such as stairwells, integral occupancy
sensing has provided an energy-savings opportunity that has been proven through many installations.
Control component manufacturers have trended toward creating occupancy sensors that can easily be
integrated with luminaires by others, and generally rely on PIR technology for integral occupancy
sensing. The sensor, however, must be integrated into the fixture in an appropriate way that allows
the sensor to “see” the full coverage area and reduce the risk of false-“on” signals.

The availability of interior parking garage luminaires with integral occupancy sensors has been
increasing. In general, manufacturers are providing the option for an integral occupancy sensor on
fluorescent, LED and induction luminaires, all of which are capable of simple bi-level control. At this
time, no standard luminaire has been found that can be provided with integral occupancy sensing to
control an HID lamp source.
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5.3.2 Remote Occupancy Sensors

Mounting the occupancy sensors remotely reduces the dependence on fixture selection when choosing
to integrate occupancy-based control. Remotely-mounted occupancy sensors can be placed ideally to
most accurately capture the occupancy, as they do not rely on specific luminaire locations. Remote-
mounted occupancy sensors may also lead to a reduced quantity of sensors needed, since a single
sensor could control an entire group of luminaires. Remote sensors can either be hard-wired with
low- or line-voltage power, or can be wireless with battery power. Selecting the sensor apart from the
luminaire also allows the specifier to determine the appropriate type of sensing technology.

5.3.3 Daylight Sensors

Daylight sensors, or photocells, can be provided either integral to luminaires or remote. Similar to
occupancy sensors, if daylight sensors are provided integral with luminaire, then they must be placed
and commissioned appropriately to reduce noise in the reading, and may not be oriented optimally
depending on the luminaire location and orientation. Remotely-mounted daylight sensors can be used
to control groups of luminaires, reducing the number of sensors necessary.

Daylight sensors can either be configured in an open-loop scenario, where they read only the ambient
daylight, or in a closed-loop scenario, where they read the resultant interior light level due to both
electric light and daylight. Closed-loop sensing also provides an opportunity for lumen maintenance
dimming for lamps that are continuously dimmable, which may further serve to reduce energy
consumption over the life of the system, though this configuration is rarely seen in parking garage
systems.

5.4  Control Issues

In most parking garages, the typical approach is to leave all of the luminaires at full power at all times
and to not provide sophisticated or “smart” control systems. During the daytime, the interior light
levels at the entrances and exits is critical to providing smooth visual adaptation between the interior
and exterior environments, and thus higher light levels are typically provided in those zones. At
night, less lighting is necessary because the ambient environment is much darker, and therefore lower
light levels are typically acceptable. However, since most garages are provided without sophistication
in the control system, the potential reduction of energy use at night is generally not seen.
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Figure 47: LED fixture activity (dark blue) when controlled using occupancy and daylight
sensing, compared to baseline HID systems (red = 150W HID, pink = 100W HID). [PIER 2009]

5.5 Technical Issues

5.5.1 Visual Adaptation Issues

A major issue surrounding parking garage lighting design is based on the adaptation of the visual
system. The human visual system is dynamic and able to accommodate a wide range of luminances,
but adaptation between different luminances is not instantaneous. For parking garage applications,
the typical interior light levels can approach 1/2000th of the daylight levels. In order to transition
during the day from the very bright exterior to the interior spaces, most lighting designs provide
significantly higher light levels at the entrances and exits than provided throughout the garage to
allow for visual adaptation. This increased energy use during the day is counter to most energy-
savings measures, but provides for increased safety and reduced risk of pedestrian conflict. During
night hours, the typical exterior ambient light level is much closer to the level being provided in the
garage, so adaptation is not an issue and most entry adaptation lighting systems are turned “off” at
night.

5.5.2 Occupancy Sensing Issues

Occupancy sensing in parking garages is limited by the various types of technologies. Passive
infrared (PIR) technology is the most common type of occupancy sensor found integral to luminaires
and the most common type used outdoors. PIR occupancy sensors, though, are limited to a direct
line-of-sight detection. PIR sensors must be selected and placed carefully to verify that full coverage
of the required area is provided. Other sensor technologies, such as ultrasonic, are also used
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throughout lighting control, but are used less in noisy exterior environments because of the potential
interference.

The specific placement and scope of controls for occupancy sensors in parking garages is also
variable. ldeally, occupancy sensors would be placed according to function; they may turn the lights
“on” down the drive aisle as a car enters, or they may turn “on” the luminaires as a pedestrian
approaches the elevator. However, the cost-effectiveness of the various control configurations has not
been reviewed.

5.5.3 Daylight Sensing Issues

Daylight sensing in parking garages provides an interesting opportunity to reduce daytime lighting
energy consumption. Many above-grade parking garages are provided with open daylight apertures
that are intended to provide natural ventilation of the space, but also allow daylight to penetrate into
the space. Providing daylight sensors to control the luminaires in daylighted zones, either via
switching or dimming, has been shown in previous demonstration projects (PIER 2009) to reduce
lighting energy consumption in parking garages.

Again, the specific placement and scope of controls for daylight-responsive dimming or switching is
variable. The approach can be very granular, with a sensor integrated into each individual luminaire,
but that approach may be cost prohibitive for many projects. Since the guidelines for determining the
extent of the daylighted zone used for Title 24-2008 interior control requirements is based on
achieving a certain threshold illuminance at the workplane, the definitions may need to be re-
examined for parking garages since they involve a different workplane, typically the floor level.

5.5.4 Control Issues

A previous demonstration project by the PIER program (2009) showed up to 80% energy savings in a
parking garage when using occupancy and daylight-based bi-level switching. The results showed a
12.2% energy savings though daylight integration and a 21% annual energy saving through
occupancy-based control. The remaining 53% energy savings was achieved through changing
existing HPS luminaires out with new induction luminaires. This study was based on a retrofit using
wireless control components, and therefore did not include any cost of rewiring the system.
Historically, little emphasis has been placed on the controls of parking garage lighting, and much of it
remains on constantly, independent of occupancy or daylight availability. The introduction of
substantial control requirements in parking garages would likely have a significant impact on the
system first-costs. However, through reduced energy consumption and reduced maintenance-related
costs, the additional premium of the control system might well be recovered quickly. For example,
the PIER demonstration project of “smart” parking garage lighting (2009) showed a payback period
of approximately 6 years for upgrading the luminaires and installing a new “smart” daylight- and
occupancy-based control system.
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Figure 48: Daily Load Profile for Bi-Level Parking Garage Luminaires
5.6  Manufacturers

Current manufacturers of appropriate specification-grade luminaires with integral sensing equipment:

Gardco Photocell, Occupancy Sensing (PIR)
Columbia Lighting Photocell, Occupancy Sensing (PIR)
BetaLED Photocell, Occupancy Sensing (PIR)
Widelite Occupancy Sensing

Deco Lighting Occupancy Sensing (Ultrasonic)
Alumen8 Photocell, Occupancy Sensing

Kim Lighting
Lamar Lighting
Lithonia Lighting

Photocell, Occupancy Sensing
Occupancy Sensing
Photocell, Occupancy Sensing (PIR)

Current manufacturers of specification-grade sensors that can be integrated with luminaires:

Leviton Photocell, Occupancy Sensing (PIR)
Wattstopper Photocell, Occupancy Sensing (PIR, Ultrasonic)
Lutron Photocell
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5.7  Future Technology Developments

The dimming of HID lamps through using electronic ballasts may present an opportunity to expand
the applicability of bi-level control systems to a much broader selection of sources. Though current
lamp/ballast and system compatibility issues make HID dimming difficult and fairly expensive, the
benefits of electronic HID ballasts, such as increased lumen maintenance, make electronic HID very
appealing from an energy-savings standpoint. Should the integration of dimming control with
electronic HID become more commonplace and accepted, bi-level or dimmed control of HID
luminaires in parking garages presents a large opportunity for energy savings.

As the availability of “smart” luminaires, ones with integral sensing, increases, the associated cost
premiums are expected to decrease, making the equipment costs lower and thus the payback period
for installing the upgraded system shorter.
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6. Appendix B: Power Density Calculations
Lamps Deep Medium
- Luminaire Input . | Max: . | Max:
Type Description Efficiency Qty | Type Watts LPD [E(min) Min E(awy)| LPD |E(min) Min E(awy)
FL1 |Lamar Occu-Smart 85% 2 | 18 55 0072| 10 |720| 369 |0073] 10 |710| 3.73
FL2 |Columbia Gasketed 88% 2 | 18 55 0.068| 10 |850| 403 |0068| 11 |7.27| 4.04
FL3 |Columbia Bare Strip 89% 2 | 18 55 0072] 11 |655| 381 |0068] 10 |670| 356
FL4 |Columbia Bare Strip 89% 1| T8 27 0.053| 10 |410| 2.83 |0.044| 10 |350] 219
FL5 Lithonia VAP, Wide 76% 2 | T8 55 0.084]| 1.0 830 | 444 |0.063| 1.0 730 | 341
FL6 |Prudential White Wrap 61% 1 [ T8 27 0048 11 [227| 167 |0.054] 10 |260| 1.83
FL7 |Prudential White Wrap 62% 2| T8 55 0099 10 [630| 391 J0.068| 11 |445| 257
Awerage: 0.071 0.062
Lamps Shallow Square
. Luminaire Input .| Max: .\ | Max:
Type Description Efficiency Qty| Type Wats LPD |E(min) Min E(awg)| LPD [E(min) Min E (awg)
FL1 |Lamar Occu-Smart 85% 2| 18 55 0082 11 |827| 418 |0045] 11 ]491] 236
FL2 |Columbia Gasketed 88% 2 | 18 55 0.063| 12 |842| 363 |0042| 11 |582] 257
FL3 |Columbia Bare Strip 89% 2 | T8 55 0074] 11 |800| 379 |0042| 10 |530] 239
FL4 |Columbia Bare Strip 89% 1| T8 27 0.053| 10 |5.00]| 251 |0032| 10 |29 179
FL5 |Lithonia VAP, Wide 76% 2 | T8 55 0074] 10 |9.90| 397 |0054| 11 |564]| 287
FL6 |Prudential White Wrap 61% 1| T8 27 0.062| 10 |350| 1.97 |0040| 10 ]210] 150
FL7 |Prudential White Wrap 62% 2 | 18 55 0091| 10 |750| 350 |0.054| 10 |430]| 216
Awerage: 0.071 0.044
Figure 49: Lighting Power Density Calculations for Fluorescent Sources
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Lamps Deep
- Luminaire Input .\ | Max:
Type Description Efficiency Qty| Type Watts LPD |E(min) Min E (awy)
MH 1 |Gardco GP1 87% 1 |[PSMH| 129 ]0.085] 10 |470]| 281
MH 2 |Lithonia PGR 81% 1| MH 140 |0.078| 11 |[482| 237
MH 3 [McGraw-Edison EPL 81% 1| MH 151 |0.071] 10 [750( 317
MH 4 |Widelite RSP 74% 1| MH 129 |0.074] 10 [350( 211
HPS 1|Gardco GP1 87% 1 | HPS 130 |0.076] 11 |[345[ 261
HPS 2|KIM PGL4 86% 1 | HPS 108 ]0.060] 1.0 [550| 2.34
HPS 3|Lithonia PGR 82% 1 | HPS 135 |0.074] 11 [527| 2.60
HPS 4|McGraw-Edison EPL 79% 1 | HPS 150 |0.068[ 1.0 [7.40| 346
HPS 5|RUUD F515-SCL 78% 1 | HPS 170 |0.112| 14 |[9.07| 4.85
LED 1[BetalED 304 N/A 60 | LED 110 ]0.060] 1.0 [510[ 258
LED 2[Gardco ELG 70LA N/A 49 | LED 68.7 10048 1.0 |370| 262
LED 3[KIM PGL7 N/A 60 | LED 731 0042 10 |200| 162
LED 4|Widelite VIZOR 24" N/A 60 | LED 68 0.040] 10 [3.00] 1.75
IND 1|Gardco GP1 83% 1 IF 85 0.068| 10 |470] 2.18
IND 2 [KIM PGL4 91% 1 IF 86.8 0069 1.0 |570| 233
IND 3|Widelite RSP 88% 1 IF 85 0.072] 10 |510]| 227
IND 4 [Everlast Bi-Level not reported] 1 IF 826 ]0.060] 11 |836] 3.40
Average: 0.068

Figure 50: Lighting Power Density Calculations for Other Sources

Note that the Fluorescent calculations were completed for more geometry conditions within the
parking garage. Once completed, the Other Sources calculations were made only for the most
difficult category as discovered in the Fluorescent calculations.
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7.  Appendix C: Lighting Controls Limitations Survey

7.1  Current Sensing Technology for Lighting Control

Currently, the majority of occupancy sensing equipment suitable for interior lighting control is based
on one of two methods of detecting occupancy: passive infrared and ultrasonic. Though the terms
“occupancy sensor” and “vacancy sensor” are often used interchangeably, a true vacancy sensor is
actually a manual-on occupancy sensor that requires the user to turn the luminaires “on” and uses a
lack of occupancy to determine when to extinguish the luminaires.

Passive infrared (PIR) technology is the most common, using sensors to track the heat of a person,
large animal or object through angular cones that emanate from the sensor. The detector “senses”
occupancy when a body of sufficient heat crosses the edge of the angular detection cones,

The second type of common sensing technology is based on ultrasonic detection. Ultrasonic detection
is based on measuring the effects of the Doppler principle on moving bodies in the space based on an
emitted frequency typically in the 32-40 kHz range.

Finally, some types of occupancy sensors use acoustic sensors, which rely on the noise generated by
occupants, such as the noise of typing on a keyboard, to indicate that the space is occupied. This type
of sensor has its roots in security applications, is rarely used for architectural lighting control
applications.

Occupancy sensors that employ both PIR and ultrasonic detection methods, commonly referred to as
dual-technology sensors, provide the most accurate and robust sensing of occupancy, and are
becoming more commonplace.

For exterior occupancy sensing, the majority of the current equipment available is PIR-only, and do
not use ultrasonic detection because of the possibility for noise generated by environmental factors.
Security-Based Occupancy Sensing

In other markets, such as security-based occupancy sensing and person-detection, there has been an
increase in use of video detection systems. Such systems are capable of not only sensing whether or
not a person is present, but identifying and tracking that person as well. Video detection systems are
very robust, but are generally not seen in architectural control applications.

7.2 Luminaire-Integrated Occupancy Sensors

The availability of luminaire-integrated occupancy sensors for exterior environments is growing.
Ultrasonic detection systems have been directly integrated into bollards and other exterior luminaires,
and some pole-mounted luminaires are offered with an integral occupancy sensor. However, little
research has been made available that describes the effectiveness of these solutions.
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7.3  Technical Issues

The technical issues surrounding the use of exterior occupancy sensors can be broken into four major
areas: Range, Environmental Interaction, Energy Draw and Luminaire Integration.

7.3.1 Range Limitations

The current sensors offered have range restrictions that may create issues when used in the target
exterior environments. Since most PIR sensors use a segmented lens to create the angular cones of
vision, the extent of those diverging cones continues to increase the further one is away from the
sensor. Therefore, even though the sensor granularity may be appropriate when near the sensor, as
one moves further away the control bands become larger and one must travel a longer distance before
crossing a boundary and triggering the sensor, as shown in Figure 51. Also, because of the angular
cone arrangement, it could be possible in a large application for someone to walk toward the sensor
over a large distance and never cross a sensor boundary, as shown in Figure 52.

]-

Figure 51: lllustration of PIR Sensor Limitations. A pedestrian near the edge of the radius of
detection must travel much longer before triggering the sensor then a pedestrian near the center
of the radius of detection.

[Based on Detection Pattern of Wattstopper LMPC-100 Outdoor PIR Occupancy Sensor]
(Clanton 2010)
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Figure 52: Illustration of PIR Sensor Limitations. A pedestrian moving directly toward the
sensor can travel a long distance before triggering the sensor by crossing a boundary. A
pedestrian moving parallel to that path but further from the sensor will trigger the sensor with
much less distance traveled.

[Based on Detection Pattern of Wattstopper LMPC-100 Outdoor PIR Occupancy Sensor]
(Clanton 2010)

Many current sensors are limited to ranges of mounting heights, and in the angular field-of-view.
Finally, all PIR sensors are limited to a maximum range, in plan, over which they are effective. Of
the sensors reviewed, the maximum available range was only 50 foot radius.

7.3.2 Environmental Interaction

Interaction with the environment for these types of PIR sensors may also be an issue. Because the
sensor is detecting the presence of bodies hotter than the background, applications may be limited
based on high ambient temperature considerations. Also, since water is highly refractive, increases in
humidity and/or condensation may create sensor visibility issues. Finally, dirt and/or snow build-up
on the lens could create sensor visibility issues in certain environments.

7.3.3 Energy Draw

The energy use of the various sensors must be understood. If the goal of the occupancy-based bi-level
system is to conserve energy, then the energy consumption of the sensors themselves must be
included when determining possible energy savings. The current maximum sensor range available for
specification-grade exterior-rated occupancy sensors is approximately 50 feet. As shown in Figure 53
and Figure 54, this current radius is insufficient to provide complete coverage for typical parking lot
pole spacings, resulting in “dead zones” where the motion of a pedestrian may not be captured.

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls Page 80

For a typical pole spacing of 120 feet by 100 feet, Figure 55 shows the sensor radius that would be
required to provide full coverage, defined as the minimum radius needed to verify that all locations in
the parking lot are covered by at least one sensor. This increased radius also allows for the overlap of
coverage area near the edges of the detection radius, where the sensor is less sensitive due to the
diverging cones of sensitivity, which may serve to increase the likelihood of detection at these
locations.

As shown in Figure 55, a sensor with a detection radius of approximately 78 feet would be necessary
to provide full coverage of a parking lot with poles spaced approximately 120 feet by 100 feet. This
results in a sensor area coverage increase of approximately 240%, from around 7,800 square feet to
19,100 square feet. The question of energy consumption as the range of the sensor increases is a valid
area for study as the range, and thus power draw, of the sensors increase.
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Figure 53: lllustration of PIR Sensor Range Limitations. With a tight parking lot pole spacing
of 60 feet by 100 feet, the current maximum sensor radius of 50 feet, shown as the green circles
surrounding each pole, does not provide full coverage of the parking lot, resulting in the
potential “dead zones” shown in red.
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Figure 54: Illustration of PIR Sensor Range Limitations. With a more typical parking lot pole
spacing of 120 feet by 100 feet, the current maximum sensor radius of 50 feet, shown as the
green circles surrounding each pole, does not provide full coverage of the parking lot, resulting
in the potential “dead zone” shown in red.
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Figure 55: Illustration of PIR Sensor Range Limitations. With a typical parking lot pole
spacing of 120 feet by 100 feet, the sensor detection radius needed to eliminate the “dead zones”
is approximately 78 feet.

7.4 Luminaire Integration

The integration of sensing equipment into exterior-rated luminaires is becoming more common for
off-the-shelf products, though there are both functional and aesthetic issues with many solutions. In
general, the majority of exterior-rated PIR sensors available from non-luminaire manufacturers appear
similar to large residential security-lighting motion sensors, and are generally placed onto the pole.
While this meets the functional requirements of the sensors, the aesthetics may be compromised.
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In a few luminaires from manufacturers who fully integrate the sensor, the motion sensor is provided
directly adjacent to the luminous aperture. From experience with installed versions of these
luminaires, the combination of the bug-attracting luminous aperture so close to the sensor can result in
a permanent “on’ situation, as the bugs are sufficient to trigger the sensor.

Future Technology Developments

7.5  Video Sensing

In general, the most promising current trend in sensor development is focused on using video
technology to replace sensors. While only a limited number of manufacturers have created strictly
video-based occupancy sensors, the technology to sense and track the presence of people is
commonly used in surveillance and security applications. Video sensing could be used, not only for
security purposes, but also to control both lighting and HVAC in a demand-responsive manner.

Video sensing, in general, can be accomplished with cameras that have built-in memory and therefore
are capable of storing the collected data directly on the unit. More sophisticated systems tend to
include those that are capable of detecting particular faces, tracking the presence of valuable items,
tracking the eye movements of patrons in a retail store and other such high-level processing tasks.

For the application of sensing occupancy for lighting and HVAC, the sensitivity and thus
sophistication of the equipment need not be to the level needed for security, but the various systems
may be able to be combined into one, eliminated additional control wiring and sensors.

One previous study (Sarkar et al 2008) was focused on the development of an integrated daylight and
occupancy sensor based on digital image processing. Ultimately, the system used the pixel-by-pixel
values to evaluate the luminance of various surfaces, and determined an occupancy event had
occurred based on a change in the chromatic information in the scene. The general conclusion by the
authors is that the technology is promising, but the largest hurdle to be overcome is the equipment
cost, especially in comparison to standard occupancy sensors and photocells currently on the market.
PIR Sensing

Future developments in PIR sensing for exterior environments are promising. According to a major
manufacturer who currently produces exterior PIR occupancy sensors, future developments focused
around PIR detection include adding additional features, such as better weather-proofing and remote
commissioning using a handled remote. Manufacturers are also looking into including multiple PIR
elements to provide a wider range of coverage, and optimizing the design of the lens to enhance the
coverage. According to this manufacturer, enhancing the coverage of PIR detection is done through
using current technology PIR elements and creating new lenses, and therefore little additional power
draw is anticipated as the detection capabilities are expanded. This same manufacturer also indicated
that they are targeting a 90 foot detection radius with 180-degree coverage for large motion and a 60
foot detection radius with 360-degree coverage for small motion, which would provide sufficient
coverage for most typical parking lot pole configurations.
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7.6  Manufacturers

Current manufacturers of specification-grade indoor-rated occupancy sensors include:

Wattstopper PIR, Combined Technologies

Leviton Ultrasonic, PIR, Combined Technologies
SensorSwitch Ultrasonic, PIR, Combined Technologies
NexLighting PIR

GreenGate Ultrasonic, PIR, Combined Technologies
Total Lighting Controls Ultrasonic, PIR, Combined Technologies
Crestron PIR, Combined Technologies

Current manufacturers of specification-grade outdoor-rated occupancy sensors include:
Wattstopper PIR
Leviton PIR

Current manufacturers of exterior-rated luminaires available with integral occupancy sensing include:

Gardco Lighting Pole-Mounted Luminaires with PIR occupancy sensing
Pathway Luminaires with Ultrasonic occupancy sensing
Wall Sconces with PIR occupancy sensing

Everlast Induction Lighting Pole-Mounted Luminaires with PIR occupancy sensing
Parking Garage Luminaires with PIR occupancy sensing

BetaLED Pole-Mounted Luminaires with PIR occupancy sensing
Pathway Luminaires with Ultrasonic occupancy sensing
Parking Garage Luminaires with PIR occupancy sensing

Cooper Lighting Floodlight Luminaires with PIR occupancy sensing
Decorate Wall Sconces with PIR occupancy sensing
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8. Appendix D: Lamps and Ballasts for Bi-Level Control

8.1  State of the Market

8.1.1 HID Lamps

The use of high-intensity discharge (HID) lamps for exterior environments is very common because
of their high efficiency, long life, low temperature sensitivity and wide range of available lumen
packages. In 2001, across the industrial, residential, commercial and stationary outdoor lighting
sectors, HID lighting was estimated to consume 130 TWh/year nationally (DOE 2004).

High Pressure Sodium (HPS) lamps are very common throughout the market. HPS lamps offer long
life, high efficiencies and acceptable lumen depreciation at a reasonable price point. HPS is generally
used for street and area lighting in locations where color perception is of secondary concern, as the
color rendering capabilities of HPS lamps are low. HPS lamps tend to cycle as they reach end of life,
creating a burden on maintenance personnel, and have re-strike delay issues when trying to return to
full power after a period of being “off”.

Metal Halide (MH) and Ceramic Metal Halide (CMH) lamps currently offer an alternative to HPS,
delivering whiter light with better color rendering ability, but still with long life, reasonable lumen
depreciation and acceptable efficiencies. Both MH and CMH have a slight premium when compared
to standard HPS systems, which is likely why they are seen less often in outdoor environments, but
sales of MH lamps continue to grow as HPS sales have essentially remain level (DOE 2004). Both
MH and CMH have the same re-strike issues seen with HPS, a problem typical of most HID sources.

MH and CMH sources are often used in exterior environments where color rendering is of concern,
such as retail parking lots and facade lighting, or where small physical lamp sizes are beneficial, such
as interior recessed lighting.
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Figure 56: Total US HID Lamp Shipments by Type, 1990-2002
(DOE 2004)

8.1.2 HID Ballasts

Traditionally, HID sources use core-and-coil ballasts, commonly referred to as magnetic ballasts.
These ballasts ultimately are rough on the lamp through start-up conditions leading to a foreshortened
lamp life. Magnetic ballasts also tend to be large and heavy, due to the large iron cores included in
the case and the need for sufficient heat dissipation. The efficiency of magnetic HID ballasts varies
greatly across wattages, and tends to increase with increasing lamp wattage. Figure 57 shows the
average efficiency of standard magnetic ballasts for MH and HPS sources based on the published
information available from multiple manufacturers, defined as the ratio of lamp rated watts to total
system input watts.

The introduction of new electronic HID (eHID) ballasts for both MH and HPS has created a wide
range of possibilities, including promises of extended lamp life, increased lumen maintenance, and the
ability to dim to reduce energy consumption. As shown in Figure 57, eHID ballasts are in general
more efficient than the core-and-coil options, but are only available in limited wattage ratings, with
few options available for lamps rated above 400W. eHID ballasts, because of the electronics, are
temperature-sensitive, but are more concerned with restricting the high-end temperature to reduce the
possibility of overheating the electronics and are less sensitive to cold-temperature conditions.
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Figure 57: Typical Ballast Efficiencies and Estimated eHID Savings
(Clanton 2010)

8.2  Legislation

Within the past few years, significant federal- and state-level legislation has been introduced to
regulate HID light sources that effectively limit the types of lamp/ballast combinations available and
regulating minimum efficiency requirements. Specifically, the Energy Independence and Security
Act of 2007 (EISA 2007) identified probe-start HID ballasts as an inefficient technology and included
regulation requiring that all luminaires rated 150W to 500W not be provided with probe-start
technology as of January 1st, 2009. EISA 2007 also set minimum efficiency standards for HID
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ballasts, requiring magnetic pulse-start ballasts in the range of 150W to 500W must be at least 88%
efficient, electronic ballasts below 250W must be at least 90% efficient, and electronic ballasts above
250W must be at least 92% efficient.

The American Clean Energy and Security Act of 2009 (ACESA 2009), also known as the HR 2454
Waxman-Markey Bill passed by the House on June 26, 2009, provides for additional phased
provisions regulating the efficiency of HID luminaire systems. According to ACESA 2009, all HID
luminaires manufactured on or after January 1st, 2016, must have a minimum luminaire efficacy of 50
lumens per watt, accounting for losses in the lamp, ballast and luminaire. That requirement is then
tightened down, with a minimum luminaire efficacy of 70 lumens per watt required for luminaires
manufactured on or after January 1st, 2018.

Assuming typical parking lot and area luminaire efficiency of 75.3% (McColgan & Derlofske 2004),
the lamp ballast efficiency of an HID system including lamp and ballast would need to approach 67
lumens per watt, assuming no increases in the fixture efficiency, to meet the 2016 limit of 50 fixture
lumens per watt (DOE 2010). In order to reach the 2018 limit, the lamp/ballast efficiency would need
to be increased to around 94 lumens per watt (DOE 2010).

8.3  White Light Sources

Other white-light alternatives to HPS include induction, Light-Emitting Diode (LED), and Light-
Emitting Plasma (LEP) technology, all of which are driven by electronic control gear, and are all
capable of dimming or bi-level control. Induction lamps are essentially cathode-less fluorescent
lamps, and have very long lives because of the lack of cathode degradation. They tend to be large,
limiting the ability to incorporate them into luminaires designed for other, smaller light sources. But,
induction lamps provide white light with high color-rendering capabilities, are dimmable, do not have
the restrike issues seen with HID sources, and last three to four times longer than HPS lamps.
Thermal management is again a concern of induction luminaire design, as the lamp’s electronic
components require careful management of the high-end thermal issues while considering the large
size of the lamp assembly.

White-light LEDs are rapidly flooding the marketplace with lower-wattage alternatives to traditional
HID sources. LEDs can be used to provide white or colored light, can be dimmed, have claims of
very long expected life, and are available in a very small form factor, making them easy to integrate
into a wide variety of fixtures. LEDs in general are less commonly seen because of the significant
cost premium associated with the technology, but this cost premium is rapidly decreasing. Also fairly
unique to LEDs as an exterior light source is that the pricing is generally a direct function of the
quantity of light output, whereas with more traditional sources like HID, there is a much smaller
premium associated with increasing light output. Thermal management, specifically managing the
junction temperature of the diode, is of very high importance when using LEDs as increased junction
temperature can result in reduced life.

Light-Emitting Plasma is an emerging technology, with claims of reduced energy consumption, long
life, full-spectrum white light, and dimmability. LEP units are composed of three primary
components, a sealed bulb that is partially embedded in dielectric material, and radio frequency (RF)
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driver that creates an electric field around the bulb, and a power supply. The electric field generated
by the RF driver is concentrated by the dielectric material around the bulb, which vaporizes the bulb
contents, a mixture of gas and metal halides, into a plasma form. In the plasma state, the combined
gas and metal halides emit broad-spectrum white light. Because of the nature of the light source itself
and the lack of electrodes within the bulb walls, it is anticipated that LEP lamps will have a rated life
at or beyond those seen with LEDs. The current efficacy of LEP units is also nearly as high as for
high-pressure sodium lamps.

8.4  Technical Issues

8.4.1 HID Ballasts

The new generation of eHID ballasts being offered by various manufacturers claim to provided
extended lamp life, increased lumen maintenance, and reduced energy consumption. Figure
58demonstrates the increased lumen maintenance claim from Universal Lighting Technologies,
showing that eHID ballasts result in improved lumen maintenance when compared to core-and-coil
ballasts. The improvement in lumen maintenance can lead to reduced maintenance costs by extending
the time between relamping. Increased lumen maintenance can also help to reduce the quantity of
luminaires needed, by increasing the maintained lumens used to determine design light levels.
Increasing the lamp life can also contribute to reducing the environmental impact of the lighting
equipment by extending the time between relamping, which serves to reduce the amount of mercury-
containing lamps that must be properly disposed.

The new eHID ballasts are also generally more efficient than standard core-and-coil ballasts, resulting
in lower ballasts losses and higher system efficiency. eHID ballasts also tend to have a Total
Harmonic Distortion (THD) of less than 5% compared to core-and-coil ballasts, which typically have
a THD between 15 and 30% (Capehart 2007). This can help reduce power distribution losses within
the overall system.

Other benefits of eHID include reduced lamp blackening, which reduces the color shift of the lamp
overtime. eHID ballasts are also more precise at determining when the lamp has been ignited. This
allows the lamp to be exposed while “on” to less of the high start-up current, reducing the degradation
of the electrodes and thus increasing lamp life.

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls

Page 89

36,000 >~

32,000 -

28.000 M std 400WMHw/
® 2 magnetic ballast
g 24,
§ 000 \ M ETensity HIDw/

20’000 350W Pulse Start

16,000 \ B Eensitg HDw/

~— 320W Pulse Start

12,000 T T T T T T T T |

0 2 4 6 8 10 12 14 16 18 20
Operating Hours (1,000's)

Figure 58: Claims of Increased Lumen Maintenance using eHID Ballast (Universal Lighting
Technologies)

E-Tensity delivers greater energy
savings than standard metal halide
or magnetic pulse start ballasts.

Input Power (Watts)

Utility Rate ($/KWH)

Annual Operating Hours

Annual Operating Costs

Metal Halide

Magnetic
400W
Pulse Start

E-Tensity
400W
Pulse Start

Std 400W

458 452 425
$0.08 $0.08 $0.08
4750 4750 4750
$174 $172 $162

Figure 59: Claims of Increased Lumen Maintenance, Reduced Wasted Energy and Extended
Time Between Relamping (GE Lighting)
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Figure 60: Claims of Reduced Energy Use with eHID Ballast (Universal Lighting Technologies)
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8.4.2 HID Lamp/Ballast System Issues

There are concerns among the various HID lamp and eHID ballast manufacturers about the
interoperability of such systems, as there is yet no National Electrical Manufacturer’s Association
(NEMA) standard for the operation of eHID ballasts. This leads to concerns regarding the warranty
of the lamp/ballast system, and the potential for conflict should a problem exist.

Because eHID ballasts are much more sensitive to high temperatures then traditional magnetic
ballasts, there currently is market resistance to adopting them, as the increased sensitivity to heat
requires more careful design of thermal management within the luminaire. eHID ballasts are, in
general, not considered a direct retrofit option by luminaire manufacturers because of the thermal
management issues, with a maximum allowable case temperature of 75-90C.

Luminaires designed for use with magnetic ballasts, which have maximum case temperatures
approaching 180C, tend to be designed to retain the heat which allows the ballast to operate at a
higher temperature to avoid low-temperature start-up issues. eHID ballasts, which exhibit almost the
opposite thermal sensitivity as standard magnetic ballasts, must be addressed through managing the
high-end temperature concerns, posing a large challenge for a direct retrofit situation.

However, this focus on high-temperature thermal management has become more prevalent among
luminaire manufacturers because of the industry-wide challenges with current trends toward direct
LED retrofit options, which require the same type of high-temperature thermal control.

8.4.3 Alternate White Light Sources, Drivers and Generators

Induction lamps present an interesting alternative to traditional HID sources, as they provide
dimmable white light with high color-rendering and long life. However, the traditional issue with
induction lamps has been the large size of the lamps themselves, since they must contain the
electronic igniter components.

LED provides a promising alternative to traditional white light sources for exterior environments, and
has the added benefit of being able to provide truly monochromatic light or color-changing
capabilities. The long predicted life the LEDs tends to be the selling point for many current
applications, theoretically leading to reduced maintenance expenditures. White-light LEDs have been
rapidly evolving over the past few years and are beginning to reach levels of efficiency that make
them suitable for the replacement of other less-efficient white light technologies.

However, since the development of these high-performance LEDs is so recent, the cost premium
associated with the increased light output is significant and oftentimes prohibitive. As the LED
market continues to evolve, the price per lumen of LEDs should continue to decrease, as has been
witnessed over the past decade with LEDs and longer with other traditional light sources.

LEP provides a new and promising alternative to traditional sources, and is seen as a complement to
low-wattage LEDs to complete exterior lighting environments. However, there are currently few
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manufacturers using LEP sources in luminaires within the United States, though its popularity and
integration is growing in Europe.

These alternate technologies are built around electronics rather than magnetic power sources, so they
offer dimming capability and high efficiencies in their primary formats and with little or no added
cost premium.

8.5  Manufacturers

Current manufacturers of specification-grade lamps include:

Osram/Sylvania Metal Halide, HPS, Induction, LED
Philips Metal Halide, HPS, Induction, LED
GE Metal Halide, HPS, Induction, LED
Venture Metal Halide, HPS
Current manufacturers of specification-grade HID ballasts include:
Osram/Sylvania Magnetic (HPS, MH, pulse-start)
Electronic (HPS, MH)
Philips/Advance Magnetic (HPS, MH, pulse-start)
Electronic (HPS, MH,dimmable)
Metrolight Electronic (HPS, MH, dimmable)
Universal Lighting Magnetic (HPS, MH, pulse-start)

Electronic (HPS, MH, bi-level)

8.6  Future Technology Developments

The lack of NEMA standard for eHID ballasts seems to be the main driving factor behind the issues
of interoperability and warranty. NEMA standards serve to regulate the general methodology of
lighting equipment, leading to the type of system interoperability that we see today with fluorescent
lamp/ballast systems and components.

Since no such standard currently exists, the various eHID manufacturers are addressing the function
and properties of the ballasts differently, and thus the systems are not generally interoperable at this
point. This leads to issues surrounding the lamp/ballast warranty when the two components are
provided from different and independent manufacturers who may not be approaching the eHID ballast
operation in the same manner. The development of a NEMA standard would serve to regulate the
various approaches, such as starting and dimming methods.
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9. Appendix E: Dimming/Bi-Level Controls

9.1 State of the Market

Dimming controls for exterior applications are becoming more widespread. Dimming for exterior
environments has not historically been widely used, most likely due to the cost premium associated
with providing dimming system components. Dimming exterior lighting can provide significant
energy savings by reducing illuminance levels and power consumption during non-use hours. Bi-
level control is considered to be limited dimming, that provides a control “stop” at approximately
50% light or power output, depending on the dimming form of equipment.

9.2  Legislation

The American Clean Energy and Security Act of 2009 (ACESA 2009), also known as the HR 2454
Waxman-Markey Bill passed by the House on June 26, 2009, includes provisions requiring the ability
of exterior high-intensity discharge (HID) luminaire systems to dim to 50% of output. According to
ACESA 2009, all HID luminaires manufactured on or after January 1st, 2016, must be capable of
providing two levels of output, 100% and 50% lamp output, in addition to meeting minimum
efficiency requirements, but exempting roadway luminaires (DOE 2010).

Under California’s Title 20-2008, Appliance Efficiency Standards, outdoor HID luminaires
manufactured on or after January 1st, 2010 must contain a ballast with “a minimum ballast efficiency
of 88 percent and automatic daylight integral control... shipped with the factory default setting to
reduce lamp power automatically through dimming by a minimum of 40 percent” (DOE 2010).

Under California’s Title 24-2008, Building Energy Efficiency Standards, outdoor lighting in areas
with two or more luminaires must be controlled by an automatic time switch that is capable of either
turning off the lighting during times of non-use or reducing the lighting power by at least 50%, but
not more than 80%, through either dimming or switching (CEC 2008). The requirement for lighting
power reduction can be met through dimming, or by using separate switching, such as in a
“checkerboard” switching configuration.

The results of the regulation through both ACESA 2009 and Title 20-2008 require dimming or
switching to 60% of power, which typically translates to 50% of light output, where Title 24-2008
regulates that the lighting power must be reduced by at least 50%, which would translate to a dimmed
level of 40% of light output. The industry is trending toward dimming to 50% of power, driven by
light levels, which essentially translates to 60% of power, and places the current regulation and
industry trends in conflict with one another.

The overall result of the national and local legislation is essentially the requirement for all HID
luminaires to be able to operate at a reduced power level and an increased minimum allowable
lamp/ballast system efficacy. Both of these measures will likely push the industry toward nearly
exclusive use of electronic HID (eHID) ballasts and require integration of controls.
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9.3  Fluorescent Dimming

Fluorescent dimming has become a widespread approach for interior lighting control. With the cost
of dimming equipment, including the necessary ballasts and control gear, steadily on the decline,
dimming has become much more ubiquitous in interior environments, allowing occupancy- or
daylight-based dimming to reduce energy consumption. Fluorescent dimming has been regulated by
NEMA/ANSI to a point that allows wide-spread interoperability of systems. Fluorescent dimming
continues to be encouraged through lighting energy code regulations for indoor environments.

There currently are multiple methods for dimming fluorescent lamps, including line-voltage (two-
wire) dimming, analog signal dimming and digital signal dimming. Dimming fluorescent lamps does
not result in any obvious color shift, as does occur with incandescent lamps. For fluorescent
dimming, the relationship between dimmed light level and power consumption is typically non-linear.
Ballasts designed specifically for bi-level operation are also now widely available, and can be
provided at a cost premium lower than full-range dimming options. Fluorescent continuous dimming
can be provided as full-range, dimming to 1% light output, but the majority of dimming ballasts limit
the low-end light output to 10% at a slightly lower cost premium.

In low ambient temperature conditions, fluorescent dimming can be limited at the low end, and lamps
may not be able to start when subject to extremely cold temperatures. Most fluorescent dimming
ballasts are designed for interior spaces, and thus have high minimum case temperatures which are
difficult to achieve in exterior luminaires.

94 LED Dimming

LED luminaires are becoming more prevalent in exterior environments, likely due to their long life,
low wattage consumption and small form factor. LED dimming be achieved through multiple
methods. Pulse width modulation (PWM) via digital control provides dimming with minimal color
shift in the LED output, and is the most common dimming method used with LEDs. PWM dimming
can be used with constant-current and constant-voltage LEDs. Dimming LEDs can also be achieved
through forward-phase (incandescent) dimmers and reverse-phase (ELV) dimmers. Dimmable LED
drivers are typically configured to follow the square-law luminance curve as is typical to incandescent
dimming. LED dimming is typically considered infinitely continuous down to 1% of light output.

9.5  Induction Dimming

The dimming of induction lamps is becoming more available, but not yet widespread as up until a few
years ago, most induction lamps were not considered dimmable. Dimming induction lamps provides
similar results to dimming fluorescent, as they are essentially electrode-less fluorescent lamps. No
color shift is anticipated when induction lamps are dimmed, and bi-level dimming options are
becoming more prevalent in the market.
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9.6 HID Dimming

Until recently, it was generally understood that HID sources, including metal halide (MH) and high
pressure sodium (HPS) lamps, were challenging to dim in an acceptable manner. Using standard
core-and-coil ballasts, step-dimming or bi-level dimming can be achieved by using a secondary
capacitor within the circuit of the constant-wattage autotransformer (CWA) ballast during dimmed
periods to modify the function of the ballast. Dimming HID lamps, and more specifically MH lamps,
using these core-and-coil methods also results in significant color shift toward a cooler correlated
color temperature (CCT) and a lower color rendering index (CRI), based on the decreased operating
temperature within the arc tube at dimmed levels.
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With the recent advent of electronic eHID ballasts, dimming through solid-state electronics has
become available in the general commercial market. However, there currently exists no NEMA
standard for the design and operation of electronic ballasts, and the various ballast manufacturers are
addressing the method of dimming, as well as start-up and operation, in different ways. There are
concerns among manufacturers of the interoperability of the lamp/ballast system when using eHID,
and therefore most manufacturers are recommending that a lamp/ballast system from a single source
be used for all eHID applications.

Figure 63 and Figure 64 indicate the current availability of eHID dimming ballasts from multiple
manufacturers, for both Metal Halide and HPS lamps, respectively.
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Metal Halide

Wattage:
Metrolight (Third-party ballast)
Advance (Philips)
GE Lighting
Uniwersal
Venture Lighting
Osram/Sylvania
a- Anticpated within next 12 months
Figure 63: Current eHID Dimming Ballast Availability for Metal Halide Lamps

HPS
Wattage: 95[100] 110] 125] 150] 200[ 215] 250] 310[ 360] 400] 750

Metrolight (Third-party ballast)
Advance (Philips)

GE Lighting

Uniwersal

Venture Lighting
Osram/Sylvania

Figure 64: Current eHID Dimming Ballast Availability for High-Pressure Sodium Lamps

It appears that CWA dimming, using a secondary capacitor in the ballast circuit, is possible with any
wattage of ballast. However, many of the same issues, such as lamp drop-out and rise time
limitations, are present with this type of bi-level dimming as well.

eHID ballasts can not only provide a dimming or bi-level capability, but also are claimed to extend
lamp life, reduce energy consumption and increase lumen maintenance. Dimmable eHID ballasts
typically operate using a high-frequency (above 100 kHz) sinusoidal wave, which helps to prevent
noise and flicker in both full-power and dimmed states, in addition to the life and lumen maintenance
benefits. Non-dimmable eHID ballasts tend to operate using a low-frequency (100-200 Hz) square
wave.

Currently available eHID ballasts are capable of control integration using analog dimming (such as a
0-10V signal), digital dimming (such as DALI), or PWM. Some eHID ballasts that are currently
available can store dimming schedules and programs internally, eliminating the need to provide
additional control equipment for scheduling and control.

In general, it is recommended by NEMA and the lamp manufacturers that the lamp not be dimmed
below 50% of rated power, based on limiting the amount of arc tube blackening caused by electrode
sputtering. However, this low limit was determined based on how a magnetic ballast functions at
dimmed power levels, and electronic ballasts may prevent some of the electrode sputtering seen with
magnetic ballasts that causes the lamp walls to blacken.
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9.7  Technical Issues - HID Dimming

Currently, the only published standard information regarding HID dimming is the “Guidelines on the
Application of Dimming to High Intensity Discharge Lamps,” published in 2002 by the National
Electrical Manufacturers Association (NEMA). This document provides general guidance on
dimming HID sources, including HPS, MH and mercury vapor lamps, and addresses step-
dimming/bi-level dimming and line voltage dimming.

The recommendations for line-voltage dimming are based upon a system that modifies the incoming
voltage to the lamp, which is typically not how eHID ballasts are dimming HID lamps. The
document provides general statements, such as limiting the low-end of HPS and MH dimming to no
less than 50% of the lamp’s rated power, recommending a 15-minute burn-in before lamps are
dimmed under all circumstances, and recommending that the lamp not be started in the dimmed
mode. The document also warns that, using standard dimming methods, HPS lamps face potential
drop-out when the dimming rate is faster than 1.5 minutes between full-power and minimum power.
Many lamp warranty documents also expressly prohibit dimming lamps used in a horizontal-burn
orientation.

For MH lamps, the document indicates that manufacturers are likely to restrict dimmed probe-start
metal halide lamps to a base-up operating position, which allows the bi-metallic switch used with the
starting probe to operate close to design temperature, reducing the chances of premature failure and
lamp rupture.

Currently, the only standard requirement provided by NEMA and ANSI for dimming requires that the
minimum ANSI open circuit voltage be provided to the lamp during dimmed mode.

In the 2005 US Lighting Market Characterization report issued to the US Department of Energy,
dimming metal halide was identified as a potential technology to significantly reduce energy savings,
estimating a potential 37 TWh nationally of energy savings through use of HID dimming in
conjunction with occupancy and daylight sensing indoors, and off-peak dimming outdoors.
According to that report, the perceived color shift when dimmed is one of the largest market barriers,
but is more likely a barrier for interior applications where color is more critical then exterior
applications. The report also indicates that, though the first-cost of dimmable HID ballasts is
approximately 230% of the cost of non-dimmable standard HID ballasts, the life-cycle costs are
comparable due to lifetime energy savings.

Previous studies (RP1 1994) had shown that the efficacy of HID lamps is reduced as the lamp is
dimmed below full power. According to one of the major HID lamp/ballast manufacturers, dimming
using an eHID ballast will result in approximately the same drop in efficacy as when using a magnetic
HID ballast, but with the improved lumen maintenance expected when using eHID, the starting point
is actually higher and so the net loss through dimming is minimized.
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9.8 Manufacturers

HID Dimming Ballasts

Metrolight eHID Dimming

GE Lighting eHID Dimming, CWA Dimming
Philips/Advance eHID Dimming, CWA Dimming
Venture eHID Dimming, CWA Dimming
Universal Lighting Technologies eHID Dimming, CWA Dimming
WideL.ite CWA Dimming

9.9  Future Technology Developments - HID Dimming

The ability to dim HID lighting has been identified as a potential source for significant national
energy savings. Dimming HID sources allows them to be used in conjunction with daylight sensors
to provide intelligent lighting control, which is not commonly acceptable with standard switched HID
systems because of warm-up and restrike delay times. Integration of HID sources with occupancy
sensors may prove to be an issue indoors, where the occupancy sensor would likely be triggering
on/off, though integration with occupancy sensors outdoor, where the luminaires are likely turned
from high to low, is more plausible. However, there is a strong need for standardization throughout
the lamp and ballast manufacturers in a way that leads to the type of interoperability that we see today
with fluorescent systems.

A major barrier identified by the DOE for adoption of dimmable electronic ballasts for HID lighting is
based on the high initial cost. As is the trend with new technologies in the past, it is expected that the
price of electronic HID ballasts will continue to decrease as the products become offered by more
manufacturers and as higher quantities are sold over time. The benefit of reduced energy
consumption presents a strong impetus for the development and production of these ballasts, in
addition to the dimming capabilities.
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10. Appendix F: Pilot Project Review Documentation

10.1 Summary of Available Data

10.1.1 Available Information

¢+ CLTC/PIER Pilot Projects with Data Provided:

California Polytechnic State University, SLO, Parking Lot Lighting Retrofit (1)
California Polytechnic State University, SLO, Street Lighting Retrofit (2)

California Department of Public Health Parking Lot Lighting Retrofit (3)

University of California, Davis, Parking Garage Lighting Retrofit (4)

University of California, Davis, Parking Lot Lighting Retrofit (1)

California State University, Sacramento, Parking Garage Lighting Retrofit (4)
University of California, San Francisco, Parking Lot Lighting Retrofit (1)

University of California, Santa Barbara, Parking Garage Induction Lighting Retrofit (4)
University of California, Santa Barbara, Parking Garage Roof Lighting Retrofit (1)

10 University of California, Santa Barbara, Parking Garage Fluorescent Lighting Retrofit (4)
11. Adura Garages AMAT Parking Garage Lighting (5)

12. Adura Garages Wharf Parking Garage Lighting (5)

CoNoOR~LNE

¢+ CLTC/PIER Pilot Projects with Summaries:
13. City of San Marcos Parking Garage Lighting Retrofit (6)
14. Los Angeles Trade Technical College Parking Lot Retrofit (6)
15. California Department of General Services Parking Garage Retrofits (6)

¢ Southern California Edison Pilot Projects with Summaries:
16. Los Padrinos Parking Garage Lighting Retrofit (6)
17. Irvine Parking Lot Phase 2 Lighting Retrofit (6)

¢ Department of Energy GATEWAY Program Demonstration Projects:
18. Raley’s Supermarket Parking Lot Lighting Retrofit (6)

+ DOE GATEWAY / Pacific Gas & Electric Pilot Projects:
19. TJ Maxx Parking Lot Lighting Retrofit (6)

¢ BetaLED Project Summaries:
20. California State University, Fullerton, Parking Garage Lighting (6)
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10.1.2 How Information will be Used

(1) Data will be used to support development of “typical” university parking lot occupancy profile:
1. California Polytechnic State University, SLO, Parking Lot Lighting Retrofit
5. University of California, Davis, Parking Lot Lighting Retrofit
7. University of California, San Francisco, Parking Lot Lighting Retrofit
9. University of California, Santa Barbara, Parking Garage Roof Lighting Retrofit

(2) Data will not be used; street lighting not currently under review:
2. California Polytechnic State University, SLO, Street Lighting Retrofit

(3) Data will be used to support development of “typical” office parking lot occupancy profile:
3. California Department of Public Health Parking Lot Lighting Retrofit

(4) Data will be used to support development of “typical” university parking garage occupancy
profile:
4. University of California, Davis, Parking Garage Lighting Retrofit
6. California State University, Sacramento, Parking Garage Lighting Retrofit
8. University of California, Santa Barbara, Parking Garage Induction Lighting Retrofit
10. University of California, Santa Barbara, Parking Garage Fluorescent Lighting Retrofit

(5) Data will be used to support development of “typical” retail parking garage occupancy profile:
11. Adura Garages AMAT Parking Garage Lighting
12. Adura Garages Wharf Parking Garage Lighting

(6) Information will provide anecdotal evidence to assess energy savings potentials:
13. City of San Marcos Parking Garage Lighting Retrofit
14. Los Angeles Trade Technical College Parking Lot Retrofit
15. California Department of General Services Parking Garage Retrofits
16. Los Padrinos Parking Garage Lighting Retrofit
17. Irvine Parking Lot Phase 2 Lighting Retrofit
18. Raley’s Supermarket Parking Lot Lighting Retrofit
19. TJ Maxx Parking Lot Lighting Retrofit
20. California State University, Fullerton, Parking Garage Lighting
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10.1.3 California Polytechnic State University, SLO, Parking Lot Lighting Retrofit

Materials Available:

“Bi-level Street and Parking Area Lighting” [www.energy.ca.gov/research]
“Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]
Bi-level _Exterior_Demos_Summary.xlsx [via email]

(6) data logger files

*

* & o

Summary of Pilot Project
Bi-level induction luminaires were installed in a parking lot on the Cal Poly campus. This involved
replacing four existing 280W (system power) HPS luminaires with 110W (in high mode, system
power) induction luminaires. Light level loggers were used to record illuminance at one-minute
increments over six weeks. Data files were provided for six luminaires for the entire Cal Poly SLO
project, however it is not clear for which area (street or parking lot) the data files support.

The results showed a 74% energy savings, which includes savings both due to technology change and
additional lighting controls, with the luminaires operating in “high” mode only 32% of the time and in
low mode 68% of the time. ‘Additional information provided by the CLTC indicates that the
occupancy sensors were mounted at 25ft, spaced 80ft on center, with a sensor coverage pattern of 40ft
and a time delay of 5.5 minutes. Photocell-based daylighting controls were also in place both pre-
and post-retrofit.

How Results will Support Title 24 Development
The CLTC has provided data logger files, which will allow a proxy for parking lot occupancy to be
extracted. Actual occupancy patterns cannot be determined from the data given that it includes the
impact of the sensor delay time and thus does not capture multiple occupancy events that occur within
durations less than the sensor delay time. However, as shown in Figure 65, the number of occupancy
“events” per hour can be extracted and used to support the development of a composite “typical”
occupancy profile for a parking lot supporting an academic institution.

Luminaire

Illuminance Measured at

Figure 65: SLO Parking Lot Demonstration Single Day Profile
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10.1.4 California Polytechnic State University, SLO, Street Lighting Retrofit

Materials Available:

“Bi-level Street and Parking Area Lighting” [www.energy.ca.gov/research]
“Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]
Bi-level _Exterior_Demos_Summary.xlsx [via email]

(6) data logger files

*

* & o

Summary of Pilot Project
Four bi-level LED luminaires were installed along a small residential street adjacent to the Cal Poly
campus. This involved replacing existing 128W (system power) HPS luminaires with 118W (in high
mode, system power) LED luminaires. Light level loggers were used to record illuminance at one-
minute increments over six weeks. Data files were provided for six luminaires for the entire Cal Poly
SLO project, however it is not clear for which area (street or parking lot) the data files support.

The results showed a 32% energy savings, which includes savings both due to technology change and
additional lighting controls, with the luminaires operating in “high” mode 60% of the time and in low
mode 40% of the time. Additional information provided by the CLTC indicates that the occupancy
sensors were mounted at 15ft, spaced 40ft on center, with a sensor coverage pattern of 40ft and a time
delay of 15 minutes. Photocell-based daylighting controls were also in place both pre- and post-
retrofit.

How Results will Support Title 24 Development
Occupancy-based bi-level control of street lighting is not currently under review.
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10.1.5 California Department of Public Health Parking Lot Lighting Retrofit

Materials Available:
+ “Parking Lot and Garage PIER Demonstrations Summary 9/23/2010 [via email]
* Bi-level_Exterior_Demos_Summary.xlIsx [via email]
+ (8) data logger files

Summary of Pilot Project
Bi-level induction parking lot luminaires were installed on the campus of the California Department
of Public Health, replacing eight 188W (system watts) luminaires with bi-level induction luminaires
that operating at 111W (high mode, system watts). Eight data files were provided by the CLTC,
which include measured illuminance at the luminaire in one-minute increments over approximately
four weeks.

The results showed an estimated annual energy savings of nearly 62%, which includes savings both
due to technology change and additional lighting controls. Time switch control of the luminaires was
used both pre- and post-retrofit. Additional information provided by the CLTC indicates that the
occupancy sensors were mounted at 25ft, spaced 60ft on center, with a sensor coverage pattern of 40ft
and a time delay of 5.5 minutes.

How Results will Support Title 24 Development
The CLTC has provided data logger files, which will allow a proxy for parking lot occupancy to be
extracted. Actual occupancy patterns cannot be determined from the data given that the data includes
the impact of the sensor delay time and thus does not capture multiple occupancy events that occur
within durations less than the sensor delay time. However, as shown in Figure 66, the number of
occupancy “events” per hour can be extracted and used to support the development of a composite
“typical” occupancy profile for a parking lot supporting an office building.
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Figure 66: CDPH Demonstration Single Day Profile
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10.1.6 University of California, Davis, Parking Garage Lighting Retrofit

Materials Available:

“Bi-level Induction Parking Garage Luminaires” [www.energy.ca.gov/research]
“Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]
Bi-level _Exterior_Demos_Summary.xlsx [via email]

(2) data logger files

*

* & o

Summary of Pilot Project
Existing 189W (system watts) HPS parking lot luminaires replaced with bi-level 80.4W (high mode,
system watts) induction luminaires on one third of the first floor of the Mondavi garage. Two data
logger files were provided, which include illuminance data in one-minute increments.

The results showed an estimated annual energy savings of nearly 32%, which includes savings both
due to technology change and additional lighting controls. Additional information provided by the
CLTC indicates that the occupancy sensors were mounted at 10ft, spaced 35ft on center, with a sensor
coverage pattern of 48ft and a time delay of 5.5 minutes. Photocell-based daylighting controls were
also in place both pre- and post-retrofit.

How Results will Support Title 24 Development
The CLTC has provided data logger files, which will allow a proxy for parking garage occupancy to
be extracted. Actual occupancy patterns cannot be determined from the data given that the data
includes the impact of the sensor delay time and thus does not capture multiple occupancy events that
occur within durations less than the sensor delay time. However, as shown in Figure 67, the number
of occupancy “events” per hour can be extracted and used to support the development of a composite
“typical” occupancy profile for a parking lot supporting an academic institution.
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Figure 67: UC Davis Parking Garage Demonstration Single Day Profile
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10.1.7 University of California, Davis, Parking Lot Lighting Retrofit

Materials Available:

“Bi-level Induction Parking Garage Luminaires” [www.energy.ca.gov/research]
“Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]
Bi-level _Exterior_Demos_Summary.xlsx [via email]

(2) data logger files

*

* & o

Summary of Pilot Project
Existing 189W (system watts) HPS parking lot luminaires replaced with bi-level 80.4W (high mode,
system watts) induction luminaires in the Mondavi parking lot. Two data logger files were provided
that include illuminance data in one minute increments.

The results showed an estimated annual energy savings of nearly 74%, which includes savings both
due to technology change and additional lighting controls. Additional information provided by the
CLTC indicates that the occupancy sensors were mounted at 20ft, spaced 45ft on center, with a sensor
coverage pattern of 40ft and a time delay of 5.5 minutes. Photocell-based daylighting controls were
also in place both pre- and post-retrofit.

How Results will Support Title 24 Development
The CLTC has provided data logger files, which will allow a proxy for parking lot occupancy to be
extracted. Actual occupancy patterns cannot be determined from the data given that the data includes
the impact of the sensor delay time and thus does not capture multiple occupancy events that occur
within durations less than the sensor delay time. However, as shown in Figure 68, the number of
occupancy “events” per hour can be extracted and used to support the development of a composite
“typical” occupancy profile for a parking lot supporting an academic institution.
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Figure 68: UC Davis Parking Lot Demonstration Single Day Profile
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10.1.8 California State University, Sacramento, Parking Garage Lighting Retrofit

Materials Available:

“Bi-level Induction Parking Garage Luminaires” [www.energy.ca.gov/research]
“Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]
Bi-level _Exterior_Demos_Summary.xlsx [via email]

(18) data logger files

*

* & o

Summary of Pilot Project
Thirty existing HPS luminaires were replaced in half of the third floor of a six-floor parking garage on
the CSU Sacramento campus. Existing 189W (system watts) luminaires were replaced with bi-level
165W (high mode, system watts) bi-level LED luminaires. Multiple data file types were provided,
including 18 data files that show relative power over each five-minute span.

The results showed an estimated annual energy savings of 68%, which includes savings both due to
technology change and additional lighting controls. Additional information provided by the CLTC
indicates that the occupancy sensors were mounted at around 10ft, spaced around 50ft on center, with
a sensor coverage pattern of 48ft and a time delay of 15 minutes. Interior lighting was always “on” in
spaces without daylight and photocell-controlled in spaces with daylight, both pre- and post-retrofit.

How Results will Support Title 24 Development
Note that the *.log data files provided by the CLTC cannot be read, so the “5-minute data” files are to
be used for analysis. These data logger files present relative power in five-minute increments, which
will allow a proxy for parking garage occupancy to be extracted. Actual occupancy patterns cannot
be determined from the data given that the data includes the impact of the sensor delay time and thus
does not capture multiple occupancy events that occur within durations less than the sensor delay
time. Further clarification is required to understand these relative measurements, since the data files
tend to show 0% power during late-night times, while the summary reports indicate they should likely
be in “low” mode, or at approximately 50% power. However, as shown in Figure 69, the number of
occupancy “events” per hour can be extracted and used to support the development of a composite
“typical” occupancy profile for a parking garage supporting an academic institution.
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Figure 69: CSU Sacramento Parking Garage Demonstration Single Day Profile
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10.1.9 University of California, San Francisco, Parking Lot Lighting Retrofit

Materials Available:
+ “Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]
* Bi-level_Exterior_Demos_Summary.xlIsx [via email]
¢ (1) data logger file

Summary of Pilot Project
Thirty-five existing HID luminaires were replaced with bi-level induction luminaires in a parking lot
on the UC San Francisco campus. EXxisting 188W (system watts) and 440W (system watts) HID
luminaires were replaced with bi-level 111W (high mode, system watts) shoebox and cobrahead LED
luminaires. A data file was provided by the CLTC, which includes illuminance measurements at one-
minute intervals over nearly 22 days.

The results showed an estimated annual energy savings of 62% compared to the 188W incumbent
technology, and nearly 84% savings compared to the 188W incumbent technology, which includes
savings both due to technology change and additional lighting controls. Additional information
provided by the CLTC indicates that the occupancy sensors were mounted on the shoebox luminaires
at 30ft, spaced 30ft on center, with a sensor coverage pattern of 40ft and a time delay of 5.5 minutes.
It was also indicated that the occupancy sensors were mounted on the cobrahead luminaires at 12ft,
spaced 50ft on center, with a sensor coverage pattern of 40ft and a time delay of 5.5 minutes.
Photocell-based daylighting controls were also in place both pre- and post-retrofit.

How Results will Support Title 24 Development
The CLTC has provided a data logger file, which will allow a proxy for parking lot occupancy to be
extracted. Actual occupancy patterns cannot be determined from the data given that the data includes
the impact of the sensor delay time and thus does not capture multiple occupancy events that occur
within durations less than the sensor delay time. However, as shown in Figure 70, the number of
occupancy “events” per hour can be extracted and used to support the development of a composite
“typical” occupancy profile for a parking lot supporting an academic institution.
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Figure 70: UC San Francisco Parking Lot Demonstration Single Day Profile

2013 California Building Energy Efficiency Standards [February 2011]



Martin Vu

Highlight





Parking Garage LPA and Controls Page 109

10.1.10 University of California, Santa Barbara, Parking Garage Induction
Lighting Retrofit

Materials Available:

*  “Wireless Integrated Photosensor and Motion Sensor” [www.energy.ca.gov/research]
“Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]
Bi-level _Exterior_Demos_Summary.xlsx [via email]

(10) data logger files

* & o

Summary of Pilot Project
Ten existing HPS luminaires were replaced with bi-level induction luminaires on half of the second
floor of a parking garage on the UC Santa Barbara campus. Existing 170W (system watts) HPS
luminaires were replaced with bi-level 70W (high mode, system watts) induction luminaires. Data
files were provided by the CLTC, which include illuminance measurements at one-minute intervals
over approximately six weeks.

The results showed an estimated total annual energy savings of 53% compared to the incumbent
technology, 12.2% from daylight-responsive control, 21% from occupancy-based control and the
remaining savings due to the technology change: Additional information provided by the CLTC
indicates that the occupancy sensors were mounted at 12ft, spaced 35ft on center, with a sensor
coverage pattern of 48ft and a time delay of 5.5 minutes.

How Results will Support Title 24 Development
Actual occupancy patterns cannot be determined from the data given that the data includes the impact
of the sensor delay time and thus does not capture multiple occupancy events that occur within
durations less than the sensor delay time. However, as shown in Figure 71, the number of occupancy
“events” per hour can be extracted and used to support the development of a composite “typical”
occupancy profile for a parking garage supporting an academic institution.
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Figure 71: UC Santa Barbara Parking Garage Demonstration Single Day Profile
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10.1.11 University of California, Santa Barbara, Parking Garage Roof Lighting
Retrofit

Materials Available:
¢ “Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]
¢ Bi-level Exterior_Demos_Summary.xlIsx [via email]
+ (8) data logger files

Summary of Pilot Project
Ten existing HPS luminaires were replaced with bi-level induction luminaires on half of the second
floor of a parking garage on the UC Santa Barbara campus. Existing 170W (system watts) HPS
luminaires were replaced with bi-level 70W (high mode, system watts) induction luminaires. Data
files were provided by the CLTC, which include illuminance measurements at one-minute intervals
over approximately six weeks.

The results showed an estimated total annual energy savings of 53% compared to the incumbent
technology, 12.2% from daylight-responsive control and 21% from occupancy-based control.
Additional information provided by the CLTC indicates that the occupancy sensors were mounted at
25ft, spaced 18ft on center, with a sensor coverage pattern of 60ft and a time delay of 15 minutes.

How Results will Support Title 24 Development
Actual occupancy patterns cannot be determined from the data given that the data includes the impact
of the sensor delay time and thus does not capture multiple occupancy events that occur within
durations less than the sensor delay time. However, as shown in Figure 72, the number of occupancy
“events” per hour can be extracted and used to support the development of a composite “typical”
occupancy profile for a parking garage supporting an academic institution.
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Figure 72: UC Santa Barbara Parking Garage Roof Demonstration Single Day Profile
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10.1.12 University of California, Santa Barbara, Parking Garage Fluorescent
Lighting Retrofit

Materials Available:
¢ “Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]
¢ Bi-level Exterior_Demos_Summary.xlIsx [via email]
+ (8) data logger files

Summary of Pilot Project
Thirty existing fluorescent luminaires were replaced upgraded to include bi-level occupancy-based
control in a parking garage on the UC Santa Barbara campus. Existing 58W (system watts)
fluorescent luminaires were replaced with bi-level 54W (high mode, system watts) fluorescent
luminaires. Data files were provided by the CLTC, which include illuminance measurements at one-
minute intervals over approximately six weeks.

The results showed an estimated total annual energy savings of 53% compared to the incumbent
technology, 12.2% from daylight-responsive control and 21% from occupancy-based control.
Additional information provided by the CLTC indicates that the occupancy sensors were mounted at
12ft, spaced 35ft on center, with a sensor coverage pattern of 48ft and a time delay between 30
seconds and 20 minutes.

How Results will Support Title 24 Development
Actual occupancy patterns cannot be determined from the data given that the data includes the impact
of the sensor delay time and thus does not capture multiple occupancy events that occur within
durations less than the sensor delay time. However, as shown in Figure 73, the number of occupancy
“events” per hour can be extracted and used to support the development of a composite “typical”
occupancy profile for a parking garage supporting an academic institution.
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Figure 73: UC Santa Barbara Parking Garage Fluorescent Lighting Demonstration Single Day
Profile
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10.1.13 Adura Garages AMAT Parking Garage Lighting

Materials Available:
+ AduraGarages_Weekly kW _Profiles.xlsx

Summary of Pilot Project
Thirty existing TSHO fluorescent luminaires were upgraded to include bi-level occupancy-based
control in a parking garage. Existing fluorescent luminaires were upgraded to include step-dimming
ballasts. A data file was provided by the CLTC, which include power (demand) measurements at
one-hour intervals. The results showed an estimated total annual energy savings of approximately
53% compared to the non-controlled system, which includes savings both due to technology change
and additional lighting controls.

How Results will Support Title 24 Development
The data provided by the CLTC includes only demand measurements at one-hour intervals, and
energy savings calculations were made assuming that those instantaneous hourly demand
measurements are appropriately representative of the power consumption over the full hour.
However, as shown Figure 74, this data can be used to shape the overall assumed occupancy profile
for mixed-use retail areas.
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Figure 74: Adura AMAT Garage Multi-Day Profile
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10.1.14 Adura Garages Wharf Parking Garage Lighting

Materials Available:
+ AduraGarages_Weekly kW _Profiles.xlsx

Summary of Pilot Project
One hundred and seventy-five existing TSHO fluorescent luminaires were upgraded to include bi-
level occupancy-based control in a parking garage. EXxisting fluorescent luminaires were upgraded to
include step-dimming ballasts. A data file was provided by the CLTC, which include power
(demand) measurements at one-hour intervals. The results showed an estimated total annual energy
savings of approximately 47% compared to the non-controlled system, which includes savings both
due to technology change and additional lighting controls.

How Results will Support Title 24 Development
The data provided by the CLTC includes only demand measurements at one-hour intervals, and
energy savings calculations were made assuming that those instantaneous hourly demand
measurements are appropriately representative of the power consumption over the full hour.
However, as shown in Figure 75, this data can be used to shape the overall assumed occupancy profile
for mixed-use retail areas.
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Figure 75: Adura Wharf Garage Multi-Day Profile
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10.1.15 City of San Marcos Parking Garage Lighting Retrofit

Materials Available:
+ “Parking Lot and Garage PIER Demonstrations Summary 9/23/2010 [via email]
* Bi-level_Exterior_Demos_Summary.xlIsx [via email]

Summary of Pilot Project
The City Hall parking garage in the City of San Marcos was retrofit using 22 bi-level LED luminaires.
No post-retrofit monitoring data is available: Information provided by the CLTC indicate that the
sensors were mounted at 12ft, with an on-center spacing of 60ft, a sensor coverage of 28ft and a time-
delay of 10 minutes. Summary reports indicate an expected energy savings of nearly 76%.

How Results will Support Title 24 Development
No results are yet available. Predictions of energy savings will be used as anecdotal evidence.

10.1.16 Los Angeles Trade Technical College Parking Lot Retrofit

Materials Available:
¢ “Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]

Summary of Pilot Project
Twelve luminaires in a parking lot at the LA Trade Technical College were replaced with bi-level
LED and induction luminaires as a part of the 2010 UC/CSU/CCC Sustainability conference. The
LED luminaires are expected to produce savings of 84-91%, and the induction luminaires are
expected to produce savings around 85%, based on an assumed 40% occupancy rate.

How Results will Support Title 24 Development
No results are available. Predictions of energy savings will be used as anecdotal evidence.

10.1.17 California Department of General Services Parking Garage Retrofits

Materials Available:
¢ “Parking Lot and Garage PIER Demonstrations Summary 9/23/2010” [via email]

Summary of Pilot Project
Retrofits, including the conversion of metal halide and HPS luminaires to bi-level induction
luminaires, are currently underway. DGS expects to realize energy savings of at least 60%

How Results will Support Title 24 Development
No results are available and data collection has not begun. Predictions of energy savings will be used
as anecdotal evidence.
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10.1.18 Los Padrinos Parking Garage Lighting Retrofit

Materials Available:
¢  “Emerging Technology Evaluation LED Lighting for Covered Parking” [www.etcc-ca.com]

Summary of Pilot Project
A retrofit of covered parking lot lighting at the LA County Los Padrinos Juvenile Hall was performed,
which included installing ten new bi-level LED luminaires and cleaning and replamping ten existing
PSMH luminaires for comparison. Photometric, spectral and power measurements of the luminaires
were performed by an independent testing lab. Illuminance measurements were taken both pre- and
post-retrofit, and it was determined that neither the PSMH or LED systems met IESNA criteria for
enhanced-security parking. Additionally, the response of the luminaires to the motion of cars and
pedestrians was tested in the garage, and it was found that the sensors appropriately identified the
presence of cars, but inadequately detected the movement of pedestrians, thus requiring that the
system meet IESNA criteria in low mode.

The results of the study demonstrated a 72.6% energy savings compared to the current standard
lighting. However, nearly 66% energy savings could be attributed solely to technology changes.

How Results will Support Title 24 Development
The results of this study, and in particular the results of the testing on sensor coverage, will be very
valuable to assist with determining appropriate recommendations and requirements for sensor
placement and spacing. The reported data, including the hourly fraction at high mode, will also be
used to support the development of “typical” garage occupancy profiles.

10.1.19 Irvine Parking Lot Phase 2 Lighting Retrofit

Materials Available:
¢ “LED Lighting — Phase 2, Irvine Parking Lot” [www.etcc-ca.com]

Summary of Pilot Project
A retrofit of parking lot lighting at the Irvine City Hall was performed, which included installing Six
new bi-level LED luminaires and cleaning and replamping six existing HPS luminaires for
comparison: Luminaire operation was monitored for one year. Illuminance measurements were taken
in the field, both pre- and post-retrofit. Photometric, spectral and power measurements were
performed at an independent testing facility.

The results of the study demonstrated a 29.5% energy savings compared to the current standard
lighting.

How Results will Support Title 24 Development
The results can be used as anecdotal evidence to support claims of potential energy savings in parking
lots.

2013 California Building Energy Efficiency Standards [February 2011]



Martin Vu

Highlight



Martin Vu

Highlight





Parking Garage LPA and Controls Page 116

10.1.20 Raley’s Supermarket Parking Lot Lighting Retrofit

Materials Available:
¢ “Hi-Low Controls on Existing HID Lighting Fixtures in Ventura County”
[appsl.eere.energy.gov]

Summary of Pilot Project
Sixteen pole-mounted 320W (rated power) MH luminaires in a parking lot were replaced with
occupancy-based bi-level LED luminaires. Results of the study demonstrated that the LED
luminaires were on high power for only 55% of the time, resulting in a time-averaged demand of
105W, compared to the 346W (system power) MH luminaires operating without occupancy control.

How Results will Support Title 24 Development
The results can be used as anecdotal evidence to support claims of potential energy savings in parking
lots.

10.1.21 TJ Maxx Parking Lot Lighting Retrofit

Materials Available:
¢ “Demonstration Assessment of LED Parking Lot Lighting, Phase I’ [apps].eere.energy.gov]

Summary of Pilot Project
Twenty-two pole-mounted 400W (rated power) HPS luminaires and six 400W (rated power) MH
luminaires in a parking lot of a retail center were replaced with twenty-five total ELD luminaires,
each with its own integral occupancy sensor to provide bi-level control. The results of the study
showed approximately 58% energy savings, which is stated to be largely attributable to the 47%
reduction in provided illuminance levels under high power.

How Results will Support Title 24 Development
The results can be used as anecdotal evidence to support claims of potential energy savings in parking
lots.

10.1.22 California State University, Fullerton, Parking Garage Lighting

Materials Available:
¢ “LED Application Project Overview” [BetaLED.com]

Summary of Pilot Project
A new parking garage for the CSU Fullerton campus was lit using 151 bi-level LED parking garage
luminaires, achieving a lighting power density nearly 80% below Title-24. Fifty percent of the
anticipated energy savings is due solely to technology change, while 30% is assumed to come from
the bi-level operation.

How Results will Support Title 24 Development
The results can be used as anecdotal evidence to support claims of potential energy savings in parking
garages.
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10.2 CLTC Data Analysis Results
10.2.1 Summary of Process

Illuminance Data
Data files were provided by the CLTC that included logger information for the various pilot studies
conducted to review the impact of parking garage lighting retrofits in combination with occupancy-
based controls. The goal of this analysis was to distill the CLTC data logger information into an
occupancy profile by determining the number of occupancy “events” or “hits” seen by each sensor as
a proxy for actual dynamic occupancy.

Logger files were provided for four parking garage demonstrations on university campuses, two of
which took place on the UC Santa Barbara campus, one on the CSU Sacramento campus, and one on
the UC Davis campus. For the UCSB and UC Davis projects, the provided data files included
illuminance logger information with the associated timestamps at regular intervals. An example of
this data is shown in Figure 76:

Time/Date Stamp| llluminance
11/6/2009 7:41 336
11/6/2009 7:42 288
11/6/2009 7:43 448
11/6/2009 7:44 1152
11/6/2009 7:45 1152
11/6/2009 7:46 1024
11/6/2009 7:47 1024
11/6/2009 7:48 992
11/6/2009 7:49 992

Figure 76: Example of llluminance Data File

For the projects for which illuminance data was provided, an analysis was first done to determine the
illuminance thresholds for each sensor that bins the status into “HIGH”, “LOW?”, or “OFF” states.
Next, changes from “LOW?” status to “HIGH” status were identified and their associated timestamp
recorded. Since the illuminance data provided effectively includes the time-impact of the sensor
delay, it was also necessary to identify periods of “HIGH” times that exceeded the sensor delay time
and thus must have been caused by additional occupancy events. The minimum events needed to
trigger the luminaire to “HIGH” mode for each “HIGH” mode duration was determined based on the
delay time reported by the CLTC.

The number of hourly occupancy events per sensor was then determined for each sensor across the
study periods. The days were then separated into weekdays, Saturdays and Sundays, and each
sensor’s hourly events were averaged over their typical days. Finally, a composite profile for each
study was created by determining the mean occupancy events per hour across the sensors for
weekdays, Saturdays and Sundays.

It should be noted that this analysis provides a conservative estimate of hourly occupancy “events,” as
the calculation relied on the reported sensor delay times to determine the minimum number of events
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needed within each extended “HIGH” period to create that condition. This results in a conservative
estimate of the level of activity.

Event Data
For the CSU Sacramento project, the provided data files included event descriptors with associated
timestamps. An example of this data is shown in Figure 77:

Date Time Bwvent Descriptors
3/13/2008 | 6:51:08 PM Turned OFF
3/13/2008(6:51:18 PM Turned ON
3/13/2008 | 6:57:35 PM Turned OFF
3/13/2008( 6:57:41 PM Turned ON
3/13/2008 | 7:04:28 PM Turned OFF
3/13/2008 | 7:06:02 PM Turned ON

Figure 77: Example of Event Data File

It was assumed for this analysis that “Turned OFF” indicated a switch to “LOW” mode, and that
“Turned ON” indicated a switch to “HIGH” mode. Based on the indicated “Turned ON” events, the
hourly occupancy events per sensor were determined across the study period.

Again, since the data includes the impact of the sensor delay times, it was necessary to determine the
minimum events needed to keep the luminaires in “HIGH” mode for the extended periods of time
shown, typically mid-day. For this analysis, when the “HIGH” mode time exceeded the reported
sensor delay time, the minimum events to maintain “HIGH” mode was estimated. Again, each sensor
was analyzed to determine its mean weekday, Saturday and Sunday profiles, and then the sensors
curves were averaged to determine a composite occupancy profile per hour across the sensors for
weekdays, Saturdays and Sundays.

Compiled Data
Next, the results of the analysis of the four projects was compiled to determine the “typical”
occupancy profile for a parking garage on a university campus. The profiles were separated, for each
day type, into daylighted projects and non-daylighted projects. Finally, a composite, smoothed
weekday and weekend set of occupancy profiles were determined by combining the mean volume
during non-daylighted hours with the profile trend of the non-daylighted projects during the
daylighted hours.

The final product of this analysis is an estimate of the traffic volume seen by individual occupancy
sensors over the course of a day for weekdays and weekend days. This profile will be incorporated
into the ongoing efforts to determine the threshold for parking garage advanced lighting control
energy savings and provides a data-based estimate of parking garage use profiles for this specific
application.

10.2.2 Analysis of UC Davis Data

For the UC Davis project, data was provided for two illuminance loggers, one located in the basement
and one located on the first floor. As described previously, thresholds to determine “HIGH,” “LOW,”
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and “OFF” states were first established for each sensor, and then hourly events were determined based
on transitions from “LOW?” to “HIGH” status and “HIGH” mode durations exceeding the stated
sensor delay time. Based on this analysis procedure, the occupancy profile shown in Figure 78was
determined:
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Figure 78: UC Dauvis Profile, 11/3/09 through 11/5/09

It was assumed that the data labeled for the basement indicated the response in a non-daylighted
space, and that the data labeled for the first floor indicated the response in a daylighted space.
Therefore, as shown in the profile, the daylighted space experiences zero occupancy events during
daylighted times as the luminaires are on “OFF” mode for those durations; however, this is likely not
representative of the actual occupancy during that time.

10.2.3 Analysis of UCSB Induction Data

For the UCSB project, a garage was retrofitted with bi-level induction luminaires controlled via
occupancy sensors. Ten data logger files were provided by the CLTC for analysis that included
illuminance measurements at one-minute increments, and the analysis as described above was
performed. Based on the provided data, it was assumed that the tested space was non-daylighted.
The results of the analysis procedure for these ten data loggers resulted in a site-specific occupancy
profile, as shown in Figure 79:
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Figure 79: UCSB Induction Profile, 2/9/10 through 3/14/10

10.2.4 Analysis of UCSB Fluorescent Profile

As a second project on the UCSB campus, another parking garage was retrofitted to have bi-level
fluorescent luminaires using occupancy- and daylight-sensing control systems. Eight data logger files
were provided by the CLTC that included illuminance measurements at one-minute increments.
Based on the reported occupancy-sensor delay time and the established thresholds for determining
“HIGH,” “LOW,” and “OFF” operation, the process describe previously was followed to determine a
composite occupancy profile. The results of that analysis are shown in Figure 80:
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Figure 80: UCSB Fluorescent Profile, 2/9/10 through 3/14/10

It was assumed that the data loggers were located in a space that had access to daylight, which causes
the measured occupancy events to drop to zero when daylight is present.

10.2.5 Analysis of CSU Sacramento Profile

On the CSU Sacramento campus, a parking garage was retrofitted with updated technology that
included bi-level luminaires switched in response to occupancy. Effectively, eighteen data files were
provided that recorded ON/OFF event times at unequal increments of time. The procedure described
previously for this type of data was used to create the composite profiles, based on the reported sensor
time-delay and seven of the provided data logger files, as shown in Figure 81.:
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Figure 81: CSU Sacramento Profile, 3/13/08 through 4/15/08

The remaining data logger files were not analyzed due to inconsistency with the data. The reported
sensor time-delay for this project according to the CLTC was 15 minutes, which was used to
determine the minimum number of occupancy events needed across each hour to maintain a “HIGH”
condition. However, there are multiple locations within the data that exhibit a “HIGH” condition that
lasts less than the stated delay time, so the actual delay time is therefore unclear. Therefore, while the
analysis caps out at four events per hour based on the stated delay time, the actual event number is
likely higher.

10.2.6 Formation of Composite Profiles

Based on the analysis of the four university parking garage projects, it was desirable to come to a
“typical” occupancy profile for this type of parking garage facility. First, the various weekday and
weekend day profiles were examined, as shown in Figure 82 and Figure 83:
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Figure 82: Weekday Profiles from Five Projects
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Figure 83: Weekend Day Profiles from Five Projects

The weekday and weekend day profiles were then averaged across the various studies, separating
daylighted and non-daylighted projects, as shown in Figure 84 and Figure 85:
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Figure 85: Composite Weekend Day Profile

Finally, the daylighted and non-daylighted profiles were combined. During non-daylighted hours, the
mean events per hour between the daylighted and non-daylighted profiles were used. During
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daylighted hours, the general trend of the non-daylighted spaces was followed and applied to the
curve. This analysis resulted in the occupancy profiles shown in Figure 86:
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Figure 86: Final University Campus Parking Garage Occupancy Profile

This profile will be incorporated into the modeling efforts currently underway to quantify energy
savings in a parking garage from occupancy- and daylight-responsive controls. The modeling
program created allows the input of various occupancy schedules for analysis, and this occupancy
profile will be used to examine energy savings potentials in university campus parking garages. The
modeling results will then be compared to the reported energy savings from these various projects for
analysis.
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11. Appendix G: Energy Modeling Documentation

11.1 Simulation 1: Baseline Model

First, a baseline was established as the assumed critical path toward demonstrating cost-effectiveness.
This baseline model, as shown in Figure 88, serves as the physical basis for the typical garage design
for subsequent analysis. Figure 87 includes all input variables for the baseline run.

11.1.1 Simulation Inputs

PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T?me 2 2.5
System Delay T!me 3 5
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 87 : Simulation 1 Input Variables
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Figure 88: Configuration of Typical Floor for Baseline Fluorescent Lighting System

The critical path, where cost-effectiveness is less certain, was determined to be the 'HIGH' level of
occupancy based on the Transportation profile, which maintains a high level of activity during all
hours and was likely to return the least energy savings potential. The critical path also assumed
'POOR' daylight availability at which the daylight-responsive system was likely to produce significant
energy savings.

The lighting system was assumed to use a linear fluorescent system, which has been established as the
baseline configuration for all parking garage lighting analysis. For this analysis, the lighting power
density was held to the proposed new lighting power densities, and thus when cost effectiveness is
shown, it also implies cost-effectiveness at an increased power density. The luminaires were assumed
to use remote occupancy sensing, and thus were grouped into control zones of four luminaire each, as
shown by the dashed groupings in Figure 88.

The lighting system cost includes such initial 'present value' costs as the cost of the luminaire,
installation cost, and associated wiring and conduit for power. The lighting system cost calculations
also includes on-going costs such as annual luminaire cleanings as well as lamp replacements.

For the lighting control systems, each occupancy zone was assumed to use a single occupancy sensor
mounted in the center of the zone. For the daylight-responsive control, it was assumed that five total
daylight switching zones were used, one on each floor on the south side and one controlling all
daylight groups on the north side. The control system costs include the "present value™ costs such as
equipment, installation and wiring, and also including on-going costs, such as replacement of failed
Sensors.
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11.1.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 250 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:11:56 | 3230:50:20 | 2753:19:20 [ 4998:12:14 | 4264:45:14 | 5964:39:36 | 5104:18:07 | 6365:47:00 [ 5456:40:54 | 6602:17:25 | 5665:26:04
Average Zone
Low Power
Time:| 0:00:00 0:00:00 5529:09:40 | 4880:29:25 | 3761:47:44 | 3369:03:30 | 2795:20:18 [ 2529:30:35 | 2394:12:58 | 2177:07:48 | 2157:42:34 | 1968:22:41

Average Zone
OFF Time:] 0:00:00 [ 1126:48:01 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16

Average %
Time at High
Power:| 100.0% 87.1% 36.9% 31.4% 57.1% 48.7% 68.1% 58.3% 72.1% 62.3% 75.4% 64.7%
Average %
Time at Low
Power:|  0.0% 0.0% 63.1% 55.7% 42.9% 38.5% 31.9% 28.9% 271.3% 24.9% 24.6% 22.5%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:] $147,152 | $ 123074|$ 101,858 | $ 84702 $ 117092|$ 97205[$ 125238 | $ 103999 | $ 128572 $ 106815| $ 130519 [ $ 108471

Lighting
Equipment
Cost:|$ 81,934 |$ 81934|$ 89134|$ 89134($ 89134|$ 89134($ 89134|$ 89134|$ 89134[$ 89134|$ 89134($ 89134
Daylighting
Control
Equipment
Cost:| $ -3 1418 $ -1 $ 1418 | $ -8 14181 $ -8 1418 $ -1$ 1418 | $ -1$ 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -1$ 19954|$ 19954|$ 19954 ($ 19954|$ 19954 (% 19954|$ 19954|$ 19954 ($ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of|
Energy):[ $229,086 | $ 206426 [ $ 210946 | $ 195208 | $ 226,180 | $ 207,710 | $ 234326 ($ 214505| $ 237,660 | $ 217,321 [ $ 239,607 | $ 218,977

Total 15-year
Cost Savings:|  N/A 9.9% 7.9% 5.4% 1.3% -0.6% -2.3% -3.9% -3.7% -5.3% -4.6% -6.1%

Total 15-year
Energy Cost
Savings per
Dollar of|
Investment: N/A $ 1698 | $ 227 $ 2921 $ 1511 $ 234 $ 110] $ 2021 $ 093] $ 189]$ 083 $ 1.81
Approximate
Annual
Energy Cost
Savings: N/A $ 1,605 | $ 3020 $ 4163 | $ 2,004 | $ 3330 $ 1461 | $ 28771 $ 1239 | $ 2,689 [ $ 1,109 | $ 2,579

Figure 89: Simulation 1 Results
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Figure 89 provides the simulation output results. As shown, the control system based on only
daylight-responsive control provides approximately 10% total 15-year cost savings relative to the
‘Uncontrolled' Baseline. This is a combination of the fact that the daylight-responsive systems
effectively shed load during peak energy cost times and that the daylight-responsive systems are
generally low cost based on simple switching.

In general, the occupancy-based control systems were shown to be cost-effective over 15 years when
the occupancy sensor time delay was less than five minutes. Beyond five minutes, the high level of
activity in this garage type leads to significant time operating in 'HIGH' power mode. For example,
with a one-minute time delay, the typical zone operated in 'HIGH' power mode for only 37% of the
year when daylighting was excluded. But, when that time delay was increased to 10 minutes, the
average zone operated in 'HIGH' mode approximately 75% of the year. Though these results are
based on a fairly high level of continuous occupancy, it demonstrates the need to understand the
appropriate occupancy sensor time delay that will likely lead to energy savings and cost-effectiveness.

105% -
100% -
95%
90% A

85% A

80% A

75% A

Total 15-Year Net Present Cost

70%

65% A

1 2 3 45 6 7 8 9 1011 1213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Zone Number

e Total 15-Year Cost - Daylighted Zones e= e Total 15-Year Cost - Non-Daylighted Zones
= - = Mean 15-Year Cost - Daylighted Zones — — Mean 15-Year Cost - Non-Daylighted Zones

------ Total 15-Year Cost - "Uncontrolled" Baseline

Figure 90: Simulation 1 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing

Figure 90 shows the total 15-year costs, broken into zone-by-zone costs relative to an 'Uncontrolled'
baseline. As shown, the zones nearest the entrance that are not daylighted show a total 15-year cost
that is approximately equal to an 'Uncontrolled’ baseline, essentially because the occupancy-based
savings are small enough to be offset by the increased initial costs. Further into the garage, the
occupancy levels essentially drop, and the occupancy-based control leads to increasing energy
savings. This is also true of the daylighted zones, though the total cost of those zones never
approaches the baseline because of the additional daytime savings.
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11.2 Simulation 2: 80% Daylighted Model

As outline previously, it was desirable to understand the influence of certain parameters on the
potential energy savings. The baseline model was adjusted to provide 80% daylighting per floor,
increased from 50%. This represents a garage configuration where the floor plates are shallow and
thus most of the floor plate can be effectively daylighted.

11.2.1 Simulation Inputs

Figure 91 lists the input values for this simulation run. The physical basis is the same for this run as it
was for Simulation 1. Figure 88 illustrates this configuration.

PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 8
Luminaire Description 4'(2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay Time 2 2.5
System Delay T!me 3 5
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 91: Simulation 2 Input Variables

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls

Page 131

11.2.2 Simulation Results

CS1

CS2

CS3

CS4

CS5

| Baseline

Daylighting

Only

No With
Daylighting | Daylighting

No With
Daylighting | Daylighting

No With
Daylighting | Daylighting

No With
Daylighting | Daylighting

No With
Daylighting | Daylighting

Occupancy
Sensor Delay
Time:

1.00

5.00

10.00 10.00

Daylight
Availability:

Poor

0 Poor

0 Poor

0 Poor

0 Poor

0 Poor

Average Zone
High Power
Time:

8760:00:00

6957:07.07

3230:48:20 | 2467:27:34

5003:42:33 [ 3824:21:17

5965:20:44 | 4576:48:23

6364:36:59 | 4894:23:32

6600:53:32 | 5083:59:46

Average Zone
Low Power
Time:

0:00:00

0:00:00

5529:11:40 | 4490:38:43

3756:17:27 | 3133:44:59

2794:39:17 | 2381:17:47

2395:23.00 [ 2063:42:40

2159:06:30 | 1874:06:27

Average Zone
OFF Time:

0:00:00

1802:52:46

0:00:00 1801:53:45

0:00:00 1801:53:45

0:00:00 1801:53:45

0:00:00 1801:53:45

0:00:00 1801:53:45

Average %
Time at High
Power:

100.0%

79.4%

36.9% 28.2%

57.1% 43.7%

68.1% 52.2%

72.7% 55.9%

75.4% 58.0%

Average %
Time at Low
Power:

0.0%

0.0%

63.1% 51.3%

42.9% 35.8%

31L.9% 21.2%

271.3% 23.6%

24.6% 21.4%

Average %
Time OFF:

0.0%

20.6%

0.0% 20.6%

0.0% 20.6%

0.0% 20.6%

0.0% 20.6%

0.0% 20.6%

15-yr Energy
Cost:

$

147,152

$

108,628

$ 101,863 [ $ 74418

$ 117168 [$ 85273

$ 125245[($ 91,153

$ 128560 [ $ 93,610

$ 130511 $ 95068

Lighting
Equipment
Cost:

$

81,934

$

81,934

$ 89134|$ 89134

$ 89134[$ 89134

$ 89134|$ 89134

$ 89134|$ 89134

$ 89134|$ 89134

Daylighting
Control
Equipment
Cost:

$

1,418

$ -8 1,418

1,418

1,418

1,418

$ -1$ 1,418

Occupancy
Control
Equipment
Cost:

$ 19954|$ 19,954

$ 19954 ($ 19,954

$ 19954|$ 19,954

$ 19954|$ 19,954

$ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):

229,086

$

191,979

$ 210951 [ $ 184,924

$ 226256 [ $ 195779

$ 234333 [ $ 201,659

$ 237648 [ $ 204,116

$ 239599 [ $ 205573

Total 15-year
Cost Savings:

N/A

16.2%

7.9% 3.7%

1.2% -2.0%

-2.3% -5.0%

-3.7% -6.3%

-4.6% -1.1%

Total 15-year
Energy Cost
Savings per

Dollar of
Investment:

N/A

$

27.17

3.40

2.62

244

Approximate
Annual
Energy Cost
Savings:

N/A

$

2,568

$ 3019|$ 4849

$ 199($ 4125

$ 1460]$ 3733

$ 1239|% 3569

$ 1109({$ 3472

Figure 92: Simulation 2 Results
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Figure 92 provides the simulation output results. As shown, increasing the amount of floor plate that
is effectively daylighted serves to increase the total 15-year cost savings to over 16% relative to the
‘Uncontrolled' Baseline.

105% -
100% A
95% A
90% -

85% A

80% A

75% A

Total 15-Year Net Present Cost

70% A

65% A

60%

1 2 3 4 5 6 7 8 9 1011 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Zone Number

e Total 15-Year Cost - Daylighted Zones e= e Total 15-Year Cost - Non-Daylighted Zones
= - = Mean 15-Year Cost - Daylighted Zones = = Mean 15-Year Cost - Non-Daylighted Zones
------ Total 15-Year Cost - "Uncontrolled” Baseline

Figure 93: Simulation 2 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing

Figure 93 shows the total 15-year costs, broken into zone-by-zone costs relative to an ‘Uncontrolled'
baseline. Typical to the results from Simulation 1, the zones nearest the entrance that are not
daylighted show a total 15-year cost that is approximately equal to an ‘Uncontrolled' baseline,
essentially because the occupancy-based savings are small enough to be offset by the increased initial
costs. Further into the garage, the occupancy levels essentially drop, and the occupancy-based control
leads to increasing energy savings.

Figure 93 also illustrates the consistency in the simulation. For Simulation 1, with 50% daylighting
per floor, the mean daylighted zone cost is nearly identical to Simulation 2 at 78% relative cost
compared to the 'Uncontrolled' Baseline. However, the composite garage numbers show that the
overall garage cost is reduced when more of the floor plate can be daylighted.

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls Page 133

11.3 Simulation 3: 20% Daylighted Model

In order to fully understand the impact of daylighting on the overall energy picture, it was important
to quantify the impact on a garage with reduced daylighting. For this simulation, the percentage of
each floor plate with access to daylight was reduced to 20%, which would represent a garage with
very limited exterior exposure.

11.3.1 Simulation Inputs

Figure 94 lists the input values for this simulation run. The physical basis is the same for this run as it
was for Simulations 1 and 2. Figure 88 illustrates this configuration

PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 2
Luminaire Description 4'(2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay Time 2 2.5
System Delay T!me 3 5
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control systemcosts per controlled zone

Figure 94: Simulation 3 Input Variables
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11.3.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting

Occupancy
Sensor Delay
Time: - - 1.00 1.00 2.50 250 5.00 5.00 7.50 750 10.00 10.00
Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power|
Time:[8760:00:00| 8309:16:48 | 3230:23:03 | 3029:25:58 | 5000:00:25 | 4693:29:03 | 5967:38:44 | 5612:43:56 | 6367:56:38 | 5997:07:15 | 6604:53:07 | 6226:15:04
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 5529:36:57 | 5280:05:40 | 3759:59:34 | 3616:02:37 | 2792:21:16 | 2696:47:44 | 2392:03:22 | 2312:24:20 | 2155:06:57 | 2083:16:40

Average Zone
OFF Time:] 0:00:00 | 450:43:12 0:00:00 450:28:21 0:00:00 450:28:21 0:00:00 450:28:21 0:00:00 450:28:21 0:00:00 450:28:21

Average %
Time at High
Power:| 100.0% 94.9% 36.9% 34.6% 57.1% 53.6% 68.1% 64.1% 72.1% 68.5% 75.4% 71.1%
Average %
Time at Low|
Power:| 0.0% 0.0% 63.1% 60.3% 42.9% 41.3% 31.9% 30.8% 271.3% 26.4% 24.6% 23.8%
Average %
Time OFF:|  0.0% 5.1% 0.0% 5.1% 0.0% 5.1% 0.0% 5.1% 0.0% 5.1% 0.0% 5.1%

15-yr Energy
Cost:| $147,152 | $ 137521 $ 101,839 ($ 94866 | $ 117,071 |$ 108972 ($ 125213 | $ 116602 | $ 128549 |$ 119770 ( $ 130,506 | $ 121,647

Lighting
Equipment
Cost:($ 81934 |$ 81934|$ 89134($ 89134|$ 89134|$ 89134|$ 89134[$ 89134|$ 89134|$ 89134|$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:| $ -3 1418 $ -3 1418 | $ -3 1418 $ -3 1418 | $ -3 1418 $ -3 1,418
Occupancy
Control
Equipment
Cost:] $ -3 -[$ 10954|$ 19954|$ 19954|$ 19954 |$ 19954|$ 19954|$ 19954 ($ 10954|$ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):| $229,086 | $ 220873 | $ 210927 | $ 205372 [ $ 226159 | $ 219477 |$ 234301 | $ 227,108 [ $ 237637 |$ 230276 | $ 239,594 | $ 232,153

Total 15-year
Cost Savings:|  N/A 3.6% 7.9% 7.0% 1.3% 0.6% -2.3% -2.8% -3.7% -4.3% -4.6% -5.1%

Total 15-year
Energy Cost
Savings per|
Dollar of
Investment: N/A $ 679 $ 2271 $ 2451 $ 151 $ 1791 $ 110] $ 1431$ 093 $ 128 $ 083]$ 119
Approximate
Annual
Energy Cost
Savings: N/A $ 6421 $ 3021 ($ 3,486 [ $ 2,005 [ $ 2545 | $ 1463 | $ 2,037 ($ 1,240 | $ 1825 | $ 1,110 $ 1,700

Figure 95: Simulation 3 Results
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Figure 95 provides the simulation output results. As shown, decreasing the amount of floor plate that
is effectively daylighted serves to decrease the total 15-year cost savings to around 4% relative to the
‘Uncontrolled' Baseline.
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Figure 96: Simulation 3 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing

Figure 96 shows the total 15-year costs, broken into zone-by-zone costs relative to an ‘Uncontrolled'
baseline. Typical to the results from Simulations 1 and 2, the zones nearest the entrance that are not
daylighted show a total 15-year cost that is approximately equal to an ‘Uncontrolled' baseline,
essentially because the occupancy-based savings are small enough to be offset by the increased initial
costs. Further into the garage, the occupancy levels essentially drop, and the occupancy-based control
leads to increasing energy savings.

Figure 96 again illustrates the consistency in the simulation. For Simulation 1, with 50% daylighting
per floor, the mean daylighted zone cost is nearly identical to Simulation 2 and 3 at 78% relative cost
compared to the 'Uncontrolled’ Baseline. However, the composite garage numbers show that the
overall garage cost is increased when less of the floor plate can be daylighted.
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11.4 Simulation 4: Moderate Daylight Availability Model

Simulation 4 was configured to understand the impact of daylight availability, as defined previously.
The Simulation 1 Baseline was based on 'Poor’ daylight availability. This simulation took the same
parameters, but changed to 'Moderate' daylight availability.

11.4.1 Simulation Inputs

Figure 97 lists the input values for this simulation run. The physical basis is the same for this run as it

was for previous runs; Figure 88 illustrates this configuration.

PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Moderate
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay Tfme 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 97: Simulation 4 Input Variables
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11.4.2 Simulation Results

CS1 CS2 CS3 Cs4 CS5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy
Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00
Daylight
Availability: 0 Moderate 0 Moderate 0 Moderate 0 Moderate 0 Moderate 0 Moderate

Average Zone
High Power
Time:| 8760:00:00| 7085:41:59 | 3223:15:59 | 2489:10:21 | 4992:29:21 | 3883:39:02 | 5960:24:57 | 4681:52:25 | 6362:58:49 | 5027:11:25 | 6601:03:04 | 5236:02:39
Average Zone
Low Power
Time:| 0:00:00 0:00:00 5536:44:00 | 4597:10:48 | 3767:30:39 | 3202:42:05 | 2799:35:.02 | 2404:28:43 | 2397:01:12 | 2059:09:43 | 2158:56:52 | 1850:18:26

Average Zone
OFF Time:[ 0:00:00 | 1674:18:00 0:00:00 1673:38:53 0:00:00 1673:38:53 0:00:00 1673:38:53 0:00:00 1673:38:53 0:00:00 1673:38:53

Average %
Time at High
Power:[ 100.0% 80.9% 36.8% 28.4% 57.0% 44.3% 68.0% 53.4% 72.6% 57.4% 75.4% 59.8%
Average %
Time at Low
Power:|  0.0% 0.0% 63.2% 52.5% 43.0% 36.6% 32.0% 27.4% 27.4% 23.5% 24.6% 21.1%
Average %
Time OFF:[ 0.0% 19.1% 0.0% 19.1% 0.0% 19.1% 0.0% 19.1% 0.0% 19.1% 0.0% 19.1%

15-yr Energy
Cost:[ $147,152 | $ 112849|$ 101785|$ 77150 |$ 117032 |$ 88555|% 125174 |$ 94950 | $ 128531 [$ 97,709 [ $ 130504 [ $ 99,375

Lighting
Equipment
Cost:| $ 81934|$ 81934|$ 89134|$ 89134[$ 89134|$ 89134[$ 89134|$ 89134[$ 89134|$ 89134|3$ 89134|$ 89134
Daylighting
Control
Equipment
Cost:
Occupancy
Control
Equipment
Cost:| $ -13 -|$ 19954|$ 19954 ($ 19954 [$ 19954 ($ 19954 ($ 19954 ($ 19954|$ 19954|3$ 19954|$ 19,954

@
'

$ 1418 [ $ -1$ 1418 | $ -3 1418 [ $ -8 1418 [ $ -3 1418 [ $ -3 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):| $229,086 [ $ 196,201 [ $ 210,873 [ $ 187,656 | $ 226120 | $ 199,061 | $ 234262 | $ 205456 | $ 237,619 | $ 208215|$ 239,592 | $ 209,881

Total 15-year
Cost Savings:|  N/A 14.4% 8.0% 18.1% 1.3% 13.1% -2.3% 10.3% -3.7% 9.1% -4.6% 8.4%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment: N/A $ 24191 $ 167($ 2451 $ 111 ($ 205] $ 081]$ 183($ 069 | $ 173($ 061]$ 1.67
Approximate
Annual
Energy Cost
Savings:| N/A $ 2287 $ 3024[$  4667]8% 2008 |$ 3906 $ 1,465| $ 3480 | $ 1241 $ 32% [ $ 1110[$ 3185

Figure 98: Simulation 4 Results

Figure 98 provides the simulation output results. As shown, increasing the daylight availability from
'Poor’ to 'Moderate' served to increase the total 15-year cost savings by nearly 50%.
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Figure 99: Simulation 4 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing

Figure 99 shows the total 15-year costs, broken into zone-by-zone costs relative to an ‘Uncontrolled'
baseline. Typical to the results from previous simulations, the zones nearest the entrance that are not
daylighted show a total 15-year cost that is approximately equal to an ‘Uncontrolled' baseline,
essentially because the occupancy-based savings are small enough to be offset by the increased initial
costs. Further into the garage, the occupancy levels essentially drop, and the occupancy-based control
leads to increasing energy savings.

Figure 96 also illustrates the impact of daylight availability. Per Simulation 1, the mean 15-year cost
among daylighted zones was approximately 78% based on 'Poor’ daylight availability. As shown in
Figure 96, the mean 15-year cost of these same zones is reduced to 72%. This also illustrates that
increasing the daylight availability serves to ‘flatten’ the daylighted zone-by-zone curve by allowing
longer periods of 'OFF' time throughout that lead to increased energy savings.
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11.5 Simulation 5: Good Daylight Availability

Simulation 5 again took the baseline configuration, but changed the daylight availability parameter to
'‘Good'. This simulation was performed to provide the high-end evaluation of the impact of

daylighting.

11.5.1 Simulation Inputs

Figure 100 lists the input values for this simulation run. The physical basis is the same for this run as
it was for previous runs; Figure 88 illustrates this configuration.

PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Good
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T?me 2 2.5
System Delay T!me 3 5
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 100: Simulation 5 Input Variables
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11.5.2 Simulation Results

CS1 CS2 CS3 CS4 CS5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting | Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Good 0 Good 0 Good 0 Good 0 Good 0 Good

Average Zone
High Power
Time:| 8760:00:00 6720:42:01 | 3234:43:12 | 2337:55:06 | 5009:00:56 | 3660:00:21 [ 5973:26:39 | 4410:45:04 | 6373:53:39 | 4728:47:49 | 6610:40:22 | 4917:24:26
Average Zone
Low Power
Time:| 0:00:00 0:00:00 5525:16:48 | 4383:20:18 | 3750:59:04 | 3061:15:00 | 2786:33:21 | 2310:30:19 | 2386:06:12 | 1992:27:32 | 2149:19:36 | 1803:50:59

Average Zone
OFF Time:| 0:00:00 | 2039:18:00 0:00:00 2038:44:37 0:00:00 2038:44:37 0:00:00 2038:44:37 0:00:00 2038:44:37 0:00:00 2038:44:37

Average %
Time at High
Power:| 100.0% 76.7% 36.9% 26.7% 57.2% 41.8% 68.2% 50.4% 72.8% 54.0% 75.5% 56.1%
Average %
Time at Low
Power:|  0.0% 0.0% 63.1% 50.0% 42.8% 34.9% 31.8% 26.4% 27.2% 22.7% 24.5% 20.6%
Average %
Time OFF:[ 0.0% 23.3% 0.0% 23.3% 0.0% 23.3% 0.0% 23.3% 0.0% 23.3% 0.0% 23.3%

15-yr Energy
Cost:] $147,152 | $ 106,616 | $ 101,911 |$ 72,789 | $ 117178 ($ 83549 [$ 125280 [$ 89486 [ $ 128614 ($ 91968 [ $ 130579 | $ 93429

Lighting
Equipment
Cost:[$ 81934|$ 81934[$ 89134|$ 89134($ 89134 |$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:
Occupancy
Control
Equipment
Cost:| $ -183 -[$ 19954($ 19954($ 19954|$ 19954|$ 19954|$ 19954|$ 19954|$ 19954|$ 19954|$ 19,954

©»
'

$ 1,418

©»
'

$ 1,418

©®
'

$ 1,418

R2d
'

$ 14181 $ ) 1418 | $ -1$ 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 [ $ 189,968 | $ 210999 | $ 183295|$ 226266 | $ 194055|$ 234368 | $ 199992 | $ 237,702 | $ 202474 | $ 239,667 [ $ 203934

Total 15-year
Cost Savings:]  N/A 17.1% 7.9% 3.5% 1.2% -2.2% -2.3% -5.3% -3.8% -6.6% -4.6% -7.4%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment: N/A $ 2859 | $ 2271 $ 3481 $ 150 $ 2981 $ 110( $ 2701 $ 093] $ 258 $ 083]$ 2.51
Approximate
Annual
Energy Cost
Savings:[ N/A $ 2702($ 3016|$ 4958 ([$ 1998 [$  4240($ 1458 [$ 384 ($ 1,236 | $ 3679 $ 1105|$ 3,582

Figure 101: Simulation 5 Results

Figure 101 provides the simulation output results. As shown, increasing the daylight availability to
'‘Good' again serves to increase the 15-year cost savings.
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Figure 102: Simulation 5 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing

Figure 102 shows the total 15-year costs, broken into zone-by-zone costs relative to an 'Uncontrolled'
baseline. As shown, near the entrance to the garage, the zone unit cost exceeds that of the
‘Uncontrolled’ basline zones due to high traffic volume which negate energy savings.
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11.6 Simulation 6: LED Lighting System

Simulation 6 took the basic garage configuration and occupancy patterns, but used an LED lighting
system. The chosen luminaire is available with an integral occupancy sensor, which requires a bi-
level ballast, in a 'master' configuration, with additional luminaires available with only the bi-level
ballast for a 'slave' configuration.

11.6.1 Simulation Inputs

Figure 103 shows the input information used for this run. As shown, the cost for providing the
integral occupancy sensor in the described Master/Slave condition was included as the '‘Occupancy
Sensing Cost', not within the '‘Controlled Luminaire Cost.' It was assumed that the LEDs, in 'LOW'
mode, were dimmed to 20% of rated power, in order to capture the potentially increased energy
savings available from LEDs due to the wide range of dimming available.

PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 28
Information Daylight Availability Poor
# Daylighted Zones per Floor 14
Luminaire Description LED with optional integral occupancy sensor
Uncontrolled Luminaire Total Unit Cost $4,373
Controlled Luminaire Total Unit Cost $4,373
Luminaire High Power 68
Information Low Power 13.6
OC Spacing E-W 32
OC Spacing N-S 32
# Luminaires per Control Zone 1
Occupancy Sensing Cost $402
Delay Time 1 1
Control Delay Tfme 2 2.5
System Delay T!me 3 5
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $25
Notes Control system costs per controlled zone

Figure 103: Simulation 6 Input Variables
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Figure 104 illustrates the physical basis for the LED lighting system. This physical geometry is the
same as used for other lighting systems, but the required luminaire quantity using LEDs is reduced.

AN N NnoA)
T}__}_}__T_{, __H_I__}_T_TT_WT
5| | | [ | | | | | || | 1
VYT ER IR I S
A ) A (A
SRINIRIR NNt
N I NN NS [N N NN IS IO SN O I
(URY VAN VRIS

Figure 104: Configuration of Typical Floor for LED Lighting System
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11.6.2 Simulation Results

Cs1 Cs2 CS3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power|
Time:[8760:00:00| 7633:11:59 [ 2989:57:01 | 2543:25:06 | 4639:54:30 | 3952:34:21 | 5555:24:10 | 4748:12:18 | 5944:47:36 | 5090:38:57 | 6181:21:26 | 5300:00:04
Average Zone
Low Power
Time:| 0:00:00 0:00:00 5770:02:58 | 5090:24:04 | 4120:05:35 | 3681:14:50 | 3204:35:50 | 2885:36:57 | 2815:12:21 | 2543:10:11 | 2578:38:40 | 2333:49:05

Average Zone
OFF Time:] 0:00:00 | 1126:47:58 0:00:00 1126:10:51 0:00:00 1126:10:51 0:00:00 1126:10:51 0:00:00 1126:10:51 0:00:00 1126:10:51

Average %
Time at High
Power:| 100.0% 87.1% 34.1% 29.0% 53.0% 45.1% 63.4% 54.2% 67.9% 58.1% 70.6% 60.5%
Average %
Time at Low
Power:|  0.0% 0.0% 65.9% 58.1% 47.0% 42.0% 36.6% 32.9% 32.1% 29.0% 29.4% 26.6%
Average %
Time OFF:]  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[$129712 | $ 108488 [$ 63396 |$ 52340|$ 83349|$ 686%[$ 94125|$ 77700| $ 98637 [$ 81515|9$ 101346|$ 83819

Lighting
Equipment
Cost:[ $489,815 | $ 489,815 $ 489815 | $ 489815|$ 489815| $ 489815 $ 489815|$ 489815| $ 489815 $ 489815|$ 489815| $ 489,815
Daylighting
Control
Equipment
Cost:| $ -|$  1418|$
Occupancy
Control
Equipment
Cost:| $ -8 -[$ 45079]|$ 45079|$ 45079|$ 45079($ 45079|$ 45079 |$ 45079 ($ 45079|$ 45079 | $ 45079

$ 14181 $ -1$ 14181 % $ 1418 [ $

$ 1418 [ $ -3 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $619,527 | $ 599,721 [ $ 598290 | $ 588,652 | $ 618244 | $ 605009 [ $ 629019 |$ 614012 | $ 633532 | $ 617827 |$ 636241 | $ 620,131

Total 15-year
Cost Savings:|  N/A 3.2% 3.4% 1.8% 0.2% -0.9% -1.5% -2.4% -2.3% -3.0% -2.7% -3.4%

Total 15-year
Energy Cost
Savings per
Dollar of|
Investment:]  N/A $ 1497 % 147($ 166 | $ 103 $ 131 $ 079 $ 112 $ 069 $ 104 $ 063|$ 0.99
Approximate
Annual
Energy Cost
Savings:[ N/A $ 1415|$ 4421($ 5158[$ 3091|$ 4068|$ 2372($ 3467|$ 2072|$ 3213([$ 1891 [$ 3,060

Figure 105: Simulation 6 Results
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First, it should be noted that the LED equipment cost is much higher than the cost of fluorescent
equipment for the same garage configuration, despite the fact that more fluorescent luminaires are
required, accounting for all associated electrical and installation costs. Second, it should be noted that
the cost of providing occupancy sensing for the entire garage when using an LED system is 166% of
the cost of providing occupancy sensing for the entire garage when using a fluorescent system.
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Figure 106: Simulation 6 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing

As shown in Figure 106, with a one-minute sensor time delay, the non-daylighted zones nearest the
entrance show a 15-year cost higher than the 'Uncontrolled’ baseline. Again, this is due to the high
volume rates near the entrance which effectively keep the lighting at '"HIGH' power for a significant
amount of time.

However, with this one-minute time delay, the entire garage is found to be cost effective using
occupancy controls and with or without daylighting controls. With delay times beyond one minute,
the occupancy controls, for this use pattern and lighting system type, are not cost-effective both with
and without daylighting controls.
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11.7 Simulation 7: HID Lighting System

Simulation 7 again took the basic garage configuration and occupancy patterns, but used a High
Pressure Sodium (HPS) lighting system. The chosen luminaire is available with an integral
occupancy sensor, which requires a bi-level ballast, in a 'master' configuration, with additional
luminaires available with only the bi-level ballast for a 'slave' configuration.

11.7.1 Simulation Inputs

Figure 107 shows the input information used for this run. To note, the manufacturer of this luminaire
was unable to provide a specific adder amount for a bi-level capable ballast. Therefore, budget-level
unit pricing of a bi-level ballast suitable for this lamp type was included to estimate the total cost of
the 'Controlled’ luminaires.

PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 14
Information Daylight Availability Poor
# Daylighted Zones per Floor 7
Luminaire Description HPS Luminaire with eHID dimming ballast
Uncontrolled Luminaire Total Unit Cost $992
Controlled Luminaire Total Unit Cost $1,992
Luminaire High Power 108
Information Low Power 54
OC Spacing E-W 30
OC Spacing N-S 30
# Luminaires per Control Zone 2
Occupancy Sensing Cost $327
Delay Time 1 1
Control Delay Tirm 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $51
Notes Control systemcosts per controlled zone

Figure 107: Simulation 7 Input Variables
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Figure 108: Configuration of Typical Floor for HID Lighting System
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11.7.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:|8760:00:00| 7633:11:51 | 3052:17:34 | 2604:17:45 | 4727:34:29 | 4038:44:38 | 5646:00:04 | 4841:56:50 | 6031:46:56 | 5187:37:26 | 6261:04:29 | 5396:50:53
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 5707:42:26 | 5029:31:02 | 4032:25:33 | 3595:04:14 | 3113:59:57 | 2791:51:54 | 2728:13:03 | 2446:11:21 | 2498:55:30 | 2236:57:52

Average Zone
OFF Time:| 0:00:00 | 1126:47:59 0:00:00 1126:11:15 0:00:00 1126:11:15 0:00:00 1126:11:15 0:00:00 1126:11:15 0:00:00 1126:11:15

Average %
Time at High
Power:| 100.0% 87.1% 34.8% 29.7% 54.0% 46.1% 64.5% 55.3% 68.9% 59.2% 71.5% 61.6%
Average %
Time at Low
Power:|  0.0% 0.0% 65.2% 57.4% 46.0% 41.0% 35.5% 31.9% 31.1% 27.9% 28.5% 25.5%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:] $206,013 | $ 172304 [ $ 140405 | $ 116840 | $ 160,628 | $ 133469 [ $ 171469 | $ 142589 | $ 175961 [ $ 146483 | $ 178,603 | $ 148,831

Lighting
Equipment
Cost:] $111,155| $ 111,155 $ 133555 | $ 133555 |$ 133555| $ 133555 $ 133555 |$ 133555 | $ 133555 [ $ 133555 | $ 133555 | $ 133,555
Daylighting
Control
Equipment
Cost:| $
Occupancy
Control
Equipment
Cost:| $ -8 -[$ 18339|$ 18339|$ 18339|$ 183394 18339|$ 18339|$ 18339($ 18339|$ 18339|$ 18339

$ 1418 $ -3 1418 [ $

$ 14181 % -3 1418 [ $

$ 1418 | $ -1$ 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $317,168 | $ 284,878 | $ 292299 [$ 270,153 [ $ 312522 | $ 286,781 | $ 323364 [$ 295901 | $ 327,855|$ 299,795 $ 330,497 [ $ 302,143

Total 15-year
Cost Savings:[ N/A 10.2% 7.8% 5.2% 1.5% -0.7% -2.0% -3.9% -3.4% -5.2% -4.2% -6.1%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment: N/A $ 2377 (% 358 $ 451 [ $ 247( $ 367($ 188| $ 321 $ 164 [ $ 301]$ 1491 $ 2.89
Approximate
Annual
Energy Cost
Savings: N/A $ 2,247 ($ 437141 $ 59451 $ 3,026 [ $ 4836 [ $ 2303 [ $ 42281 $ 2,003 [ $ 3,969 | $ 18271 $ 3,812

Figure 109: Simulation 7 Results
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Figure 110: Simulation 7 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.8 Simulation 8: Induction Lighting System

11.8.1 Simulation Inputs

PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 16
Information Daylight Availability Poor
# Daylighted Zones per Floor 8
L _— Induction luminaire with optional integral
Luminaire Description . .
occupancy sensor and master/slave configuration
Uncontrolled Luminaire Total Unit Cost $986
L Controlled Luminaire Total Unit Cost $1,071
Luminaire -
Information High Power 82.6
Low Power 36.9
OC Spacing E-W 27
OC Spacing N-S 27
# Luminaires per Control Zone 2
Occupancy Sensing Cost $32
Delay Time 1 1
Control Delay Time 2 2.5
System Delay T!me 3 5
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $44
Notes Control system costs per controlled zone

Figure 111: Simulation 8 Input Variables
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11.8.2 Simulation Results

CS1 Cs2 CS3 Cs4 CS5
Daylighting No With No With No With No With No With
Baseline Only Daylighting [ Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 250 2.50 5.00 5.00 7.50 750 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:|8760:00:00| 7633:11:54 | 3181:15:15 | 2709:35:37 | 4935:16:01 | 4210:07:47 | 5899:16:04 | 5049:45:55 | 6305:48:58 | 5408:36:43 | 6549:51:14 | 5625:19:02
Average Zone
Low Power
Time:| 0:00:00 0:00:00 5578:44:45 | 4924:14:03 | 3824:43:58 | 3423:41:51 | 2860:43:59 | 2584:03:39 | 2454:11:04 | 2225:12:54 | 2210:08:44 | 2008:30:38

Average Zone
OFF Time:| 0:00:00 | 1126:47:59 0:00:00 1126:10:22 0:00:00 1126:10:22 0:00:00 1126:10:22 0:00:00 1126:10:22 0:00:00 1126:10:22

Average %
Time at High
Power:[ 100.0% 87.1% 36.3% 30.9% 56.3% 48.1% 67.3% 57.6% 72.0% 61.7% 74.8% 64.2%
Average %
Time at Low
Power:|  0.0% 0.0% 63.7% 56.2% 43.7% 39.1% 32.7% 29.5% 28.0% 25.4% 25.2% 22.9%
Average %
Time OFF:[ 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $180943 | $ 151336 |$ 118610 | $ 98531 | $ 139211 |$ 115462 | $ 150304 | $ 124742 [$ 154901 [ $ 128646 [ $ 157,637 [ $ 130,987

Lighting
Equipment
Cost:[ $126,206 | $ 126206 | $ 137,086 | $ 137,086 | $ 137,086 | $ 137,086 | $ 137,086 | $ 137,086 [ $ 137,086 [ $ 137,086 [ $ 137,086 [ $ 137,086
Daylighting
Control
Equipment
Cost:| $ -|$ 1418]$
Occupancy
Control
Equipment
Cost:| $ -18 -|$ 2073[$  2073[$ 2073[$ 2073[$ 2073[$ 2073|$ 2073|$ 2073|$ 2073|$ 2073

$ 1418 [ $ -8 1418 [ $ -1$ 1418 | $ -3 1418 [ $ -3 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):| $307,149 [ $ 278960 [ $ 257,769 | $ 239,109 | $ 278371 |$ 256,040 | $ 289463 | $ 265319 | $ 294060 | $ 269,224 | $ 296,796 | $ 271,565

Total 15-year
Cost Savings:|  N/A 9.2% 16.1% 14.3% 9.4% 8.2% 5.8% 4.9% 4.3% 3.5% 3.4% 2.7%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment: N/A $ 2088 | $ 30.06 | $ 2360 | $ 2013 $ 18751 $ 1478 | $ 1610 | $ 1256 | $ 14981 $ 11241 $ 14.31
Approximate
Annual
Energy Cost
Savings:| N/A $ 1974|$  4156|$ 5494($  2782|$ 4365($ 2043 $ 3747( $ 1736 [$ 3486 $ 1554 [ $ 3,330

Figure 113: Simulation 8 Results
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Figure 114: Simulation 8 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.9 Simulation 9: Transportation Profile with “MEDIUM” Activity

11.9.1 Simulation Inputs

PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation MEDIUM
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation MEDIUM
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay Time 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 115: Simulation 9 Input Variables
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11.9.2 Simulation Results

CS1 CS2 CS3 CS4 CS5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting [ Daylighting | Daylighting [ Daylighting | Daylighting [ Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:[8760:00:00| 7633:11:54 | 1557:36:54 | 1317:20:09 | 2610:06:32 | 2220:45:28 | 3266:26:49 | 2800:07:29 | 3538:25:23 | 3047:36:28 | 3693:28:48 | 3191:04:19
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 7202:23:05 | 6316:29:07 | 6149:53:27 | 5413:03:45 | 5493:33:11 | 4833:41:42 | 5221:34:38 | 4586:12:53 | 5066:31:13 [ 4442:44:53

Average Zone
OFF Time:[ 0:00:00 | 1126:48:01 0:00:00 1126:10:46 0:00:00 1126:10:46 0:00:00 1126:10:46 0:00:00 1126:10:46 0:00:00 1126:10:46

Average %
Time at High
Power:| 100.0% 87.1% 17.8% 15.0% 29.8% 25.4% 37.3% 32.0% 40.4% 34.8% 42.2% 36.4%
Average %
Time at Low
Power:|  0.0% 0.0% 82.2% 72.1% 70.2% 61.8% 62.7% 55.2% 59.6% 52.4% 57.8% 50.7%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:] $147,152 [ $ 123074 |$ 87277 [$ 72679|$ 96387 |$ 80199 |$ 101903 |$ 84900 |3$ 104145|$ 86835 [$ 105421 |$ 88,041

Lighting
Equipment
Cost:[$ 81934 [$ 81934|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134
Daylighting
Control
Equipment
Cost:| $ -|$  1418]$
Occupancy
Control
Equipment
Cost:| $ -8

$ 14181 $ -1$ 1418 | $ -3 1418 | $ -3 1418 [ $ -3 1,418

$ 19954|$ 19954|$ 19954|$ 19954 ($ 19954 |$ 19954($ 19954($ 19954($ 19954 |$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 [ $ 196,365 | $ 183184 [$ 205475|$ 190,705[$ 210990 | $ 195406 [ $ 213233 |$ 197,391 | $ 214509 | $ 198,547

Total 15-year
Cost Savings: N/A 9.9% 14.3% 11.3% 10.3% 7.6% 7.9% 5.3% 6.9% 4.4% 6.4% 3.8%

Total 15-year
Energy Cost
Savings per
Dollar of|
Investment:[ N/A $ 1698 $ 300 % 348($ 2541 % 313 % 2271 $ 291 (8 216 [ $ 2821 8% 2091 % 277
Approximate
Annual
Energy Cost
Savings: N/A $ 1,605 | $ 3992 | $ 4965] $ 3384 3% 44641 $ 3017 [ $ 4150 | $ 2,867 [ $ 4018 [ $ 27821 $ 3,941

Figure 116: Simulation 9 Input Variables
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Figure 117: Simulation 9 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.10 Simulation 10: Transportation Garage with “LOW” Activity

11.10.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation LOW
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation LOW
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T!me 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 118: Simulation 10 Input Variables
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11.10.2 Simulation Results

Cs1 CS2 Cs3 Cs4 CSs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:[8760:00:00| 7633:11:59 | 794:47:18 | 666:44:56 | 1367:41:44 | 1148:50:54 [ 1746:30:13 | 1474:31:54 | 1907:28:55 | 1618:02:04 | 1997:52:50 | 1701:30:33
Average Zone
Low Power
Time:| 0:00:00 0:00:00 7965:12:45 | 6967:03:51 | 7392:18:17 | 6484:57:49 | 7013:29:49 | 6159:16:58 | 6852:31:04 | 6015:46:42 | 6762:07:10 | 5932:18:17

Average Zone
OFF Time:] 0:00:00 | 1126:48:01 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16

Average %
Time at High
Power:| 100.0% 87.1% 9.1% 7.6% 15.6% 13.1% 19.9% 16.8% 21.8% 18.5% 22.8% 19.4%
Average %
Time at Low
Power:|  0.0% 0.0% 90.9% 79.5% 84.4% 74.0% 80.1% 70.3% 78.2% 68.7% 77.2% 67.7%
Average %
Time OFF:| 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[$147,152 | $ 123074|$ 80794($ 67388 |$ 85962 |$ 71585[$ 89292|3$ 74357|$ 90673 |$ 75559 (% 91442|$ 76,261

Lighting
Equipment
Cost:($ 81,934 |$ 81934|$ 89134($ 89134|$ 89134|$ 89134[$ 89134|3$ 89134|$ 89134|$ 89134($ 89134|$ 89134
Daylighting
Control
Equipment
Cost:[ $
Occupancy
Control
Equipment
Cost:| $ -1 $ -[$ 19954|$ 19954|$ 19954|$ 19954 (% 19954 |$ 19954|$ 19954($ 19954 (% 19954|$ 19954

$ 14181 % $ 1418 [ $

3$ 1418 $ -3 1418 [ $

$ 1418 [ $ -8 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 | $ 189,882 [ $ 177,894 |$ 195050 | $ 182,091 [ $ 198380 | $ 184,863 | $ 199,760 | $ 186,065 [ $ 200,530 | $ 186,767

Total 15-year
Cost Savings:[ N/A 9.9% 17.1% 13.8% 14.9% 11.8% 13.4% 10.4% 12.8% 9.9% 12.5% 9.5%

Total 15-year
Energy Cost
Savings per
Dollar of|
Investment:]  N/A $ 1698 $ 333 $ 373 $ 307($ 3541 % 290 ([ $ 341 % 283 $ 33 $ 2791 % 3.32
Approximate
Annual
Energy Cost
Savings:[ N/A $ 1605|$ 4424($ 5318|$ 4079|$ 5038[$ 387|$ 4853|$ 3765|$ 4773[$ 3714|$ 4726

Figure 119: Simulation 10 Results
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Figure 120: Simulation 10 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.11 Simulation 11: Office Park Garage with “HIGH” Activity

11.11.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Office Park HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Office Park HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T!me 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 121: Simulation 11 Input Variables
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11.11.2 Simulation Results

Cs1 CS2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 250 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:[8760:00:00( 7633:11:56 [ 1701:00:56 | 1396:03:37 | 2685:30:38 | 2181:57:49 | 3324:03:47 | 2695:33:40 | 3605:21:21 | 2926:33:30 | 3768:03:12 | 3062:13:22
Average Zone
Low Power
Time:| 0:00:00 0:00:00 7058:59:02 | 6237:46:32 | 6074:29:22 | 5451:52:23 | 5435:56:11 | 4938:16:27 | 5154:38:40 | 4707:16:41 | 4991:56:50 | 4571:36:49

Average Zone
OFF Time:] 0:00:00 | 1126:48:01 0:00:00 1126:09:50 0:00:00 1126:09:50 0:00:00 1126:09:50 0:00:00 1126:09:50 0:00:00 1126:09:50

Average %
Time at High
Power:| 100.0% 87.1% 19.4% 15.9% 30.7% 24.9% 37.9% 30.8% 41.2% 33.4% 43.0% 35.0%
Average %
Time at Low
Power:|  0.0% 0.0% 80.6% 71.2% 69.3% 62.2% 62.1% 56.4% 58.8% 53.7% 57.0% 52.2%
Average %
Time OFF:]  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $147,152 [ $ 123074 [$ 90,086 | $ 74622 |$ 99654 |$ 81935|$ 105807 |$ 86653 |$ 108499 |$ 88758 [ $ 110,039 [ $ 89,981

Lighting
Equipment
Cost:[$ 81934 ($ 81934[$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|3$ 89134[$ 89134 [$ 89134
Daylighting
Control
Equipment
Cost:[ $ -[$ 1418($
Occupancy
Control
Equipment
Cost:| $ -3

$ 1418 $ -8 1418 [ $ -1$ 1418 $ -1$ 1418 | $ -8 1,418

$ 19954[$ 19954|$ 19954|$ 19954|$ 19954|$ 19954|$ 19954|$ 19954|$ 19954|% 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206,426 | $ 199,174 | $ 185128 | $ 208742 | $ 192441 ($ 214895 |$ 197159 | $ 217,587 [ $ 199,264 | $ 219,127 | $ 200,487

Total 15-year
Cost Savings:]  N/A 9.9% 13.1% 10.3% 8.9% 6.8% 6.2% 4.5% 5.0% 3.5% 4.3% 2.9%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:|  N/A $ 1698|$ 2861 % 339($ 238 $ 305| % 2071 $ 283 $ 1941$ 2731 % 1861 $ 2.68
Approximate
Annual
Energy Cost
Savings:[ N/A $ 1605|% 3804[% 4835 [$ 3167[$ 4348[$ 2756|$ 4033|$ 2577|$ 3893|$ 2474|$ 3811

Figure 122: Simulation 11 Results
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Figure 123: Simulation 11 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.12 Simulation 12: Office Park Garage with “MEDIUM” Activity

11.12.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Office Park MEDIUM
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Office Park MEDIUM
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay Time 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 124: Simulation 12 Input Variables
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11.12.2 Simulation Results

Cs1 CS2 Cs3 Cs4 CSs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power|
Time:[8760:00:00| 7633:11:59 [ 1129:45:09 | 922:37:58 | 1861:50:47 | 1494:50:57 | 2386:00:04 | 1900:53:14 | 2630:47:23 | 2093:50:26 | 2773:11:10 | 2208:16:00
Average Zone
Low Power
Time:| 0:00:00 0:00:00 7630:14:53 | 6711:11:04 | 6898:09:13 | 6138:58:04 | 6373:59:56 | 5732:55:51 | 6129:12:37 | 5539:58:39 | 5986:48:51 | 5425:33:06

Average Zone
OFF Time:] 0:00:00 | 1126:48:01 0:00:00 1126:10:58 0:00:00 1126:10:58 0:00:00 1126:10:58 0:00:00 1126:10:58 0:00:00 1126:10:58

Average %
Time at High
Power:| 100.0% 87.1% 12.9% 10.5% 21.3% 17.1% 27.2% 21.7% 30.0% 23.9% 3L.7% 25.2%
Average %
Time at Low
Power:|  0.0% 0.0% 87.1% 76.6% 78.7% 70.1% 72.8% 65.4% 70.0% 63.2% 68.3% 61.9%
Average %
Time OFF:]  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[$147,152 | $ 123074 [$ 84764[$ 70376 |$ 92083 |$ 75847 [$ 97313|$ 79697 |$ 99698 [$ 81472 $ 101,067 | $ 82,508

Lighting
Equipment
Cost:($ 81,934 |$ 81934[$ 89134[$ 89134|$ 89134|$ 89134($ 89134|$ 89134|$ 89134[$ 89134($ 89134|$ 89134
Daylighting
Control
Equipment
Cost:[ $
Occupancy
Control
Equipment
Cost:| $ -8 -[$ 19954($ 19954|$ 19954|$ 19954($ 19954|$ 19954|$ 19954 ($ 19954($ 19954|$ 19,954

3$ 1418 | $

$ 14181 % $ 1,418

$ 1418 [ $

3$ 1418 $ -3 1418 [ $

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 [ $ 193852 [ $ 180,881 |$ 201,171 | $ 186353 [ $ 206401 | $ 190203 | $ 208,786 [ $ 191978 [ $ 210,155| $ 193,013

Total 15-year
Cost Savings:|  N/A 9.9% 15.4% 12.4% 12.2% 9.7% 9.9% 7.9% 8.9% 7.0% 8.3% 6.5%

Total 15-year
Energy Cost
Savings per|
Dollar of|
Investment:]  N/A $ 1698|$ 313 [ $ 359 (% 276 [ $ 334 ($ 250 [ $ 316 | $ 2381 % 307 (% 231 $ 3.02
Approximate
Annual
Energy Cost
Savings:| N/A $ 1605|$ 4159|$ 5118[$ 3671|$ 4754|$  3323[$  4497|$ 3164|$ 4379|$ 3072 $ 4310

Figure 125: Simulation 12 Results
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Figure 126: Simulation 12 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.13 Simulation 13: Office Park Garage with “LOW” Activity

11.13.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Office Park LOW
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Office Park LOW
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T!me 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 127: Simulation 13 Input Variables
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11.13.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:11:59 [ 554:20:05 462:42:26 | 1039:10:10 [ 855:40:41 | 1498:56:11 | 1228:17:18 | 1764:09:25 [ 1447:57:26 | 1936:34:51 | 1594:45:40
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 8205:39:57 | 7171.06:29 | 7720:49:49 | 6778:08:10 | 7261:03:49 | 6405:31:38 [ 6995:50:36 | 6185:51:28 | 6823:25:10 | 6039:03:20

Average Zone
OFF Time:| 0:00:00 | 1126:48:01 0:00:00 1126:11.07 0:00:00 1126:11:.07 0:00:00 1126:11.07 0:00:00 1126:11:.07 0:00:00 1126:11.07

Average %
Time at High
Power:| 100.0% 87.1% 6.3% 5.3% 11.9% 9.8% 17.1% 14.0% 20.1% 16.5% 22.1% 18.2%
Average %
Time at Low
Power:|  0.0% 0.0% 93.7% 81.9% 88.1% 77.4% 82.9% 73.1% 79.9% 70.6% 77.9% 68.9%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $147,152 | $ 123074 |$ 79015($ 65927 |$ 83820|$ 69671|$ 88316|% 73156|% 90855|$ 75166 [3$ 92464|$ 76,480

Lighting
Equipment
Cost:|$ 81,934 |$ 81934 [$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:| $ -|$  1418|$
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 10954|$ 19954|$ 19954|$ 19954 ($ 19954|$ 19954|$ 19954 ($ 10954 ($ 19954|$ 19,954

$ 1418 [ $ -3 1418 | $

$ 1418 [ $ -3 1418 | $ -1$ 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 | $ 188103 | $ 176433 [$ 192908 | $ 180,177 | $ 197404 | $ 183662 [ $ 199943 |$ 185672 | $ 201,552 | $ 186,986

Total 15-year
Cost Savings:]  N/A 9.9% 17.9% 14.5% 15.8% 12.7% 13.8% 11.0% 12.7% 10.1% 12.0% 9.4%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 1698 $ 341 $ 380 $ 317 ([ $ 363 $ 295 $ 346 [ $ 282($ 3371 $ 274 $ 331
Approximate
Annual
Energy Cost
Savings: N/A $ 1,605 [ $ 4543 [ $ 5415 $ 42221 $ 5165 [ $ 3922 [ $ 4933 [ $ 3753 [ $ 4791 $ 3,646 [ $ 4,711

Figure 128: Simulation 13 Results
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Figure 129: Simulation 13 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.14 Simulation 14: Mixed Use Garage with “HIGH” Activity

11.14.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Mixed Use HIGH
. Occupancy Schedule Variance 1%
Scheduling Transient Schedule Type Mixed Use HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T!me 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 130: Simulation 14 Input Variables
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11.14.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:11:59 [ 2691:22:42 | 2284:00:00 | 3858:57:01 | 3278:09:25 | 4455:54:20 | 3795:01:43 | 4712:52:29 | 4020:56:14 | 4863:06:34 | 4154:38:52
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 6068:37:17 | 5349:48:56 | 4901:02:56 | 4355:39:29 | 4304:05:41 | 3838:47:15 | 4047:07:32 | 3612:52:45 | 3896:53:23 | 3479:10:03

Average Zone
OFF Time:| 0:00:00 | 1126:48:01 0:00:00 1126:11.04 0:00:00 1126:11:04 0:00:00 1126:11.04 0:00:00 1126:11:04 0:00:00 1126:11.04

Average %
Time at High
Power:| 100.0% 87.1% 30.7% 26.1% 44.1% 37.4% 50.9% 43.3% 53.8% 45.9% 55.5% 47.4%
Average %
Time at Low
Power:|  0.0% 0.0% 69.3% 61.1% 55.9% 49.7% 49.1% 43.8% 46.2% 41.2% 44.5% 39.7%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $147,152 | $ 123074 |$ 98745($ 81989 |$ 109274|$ 90589 |$ 114457 |$ 94888 | $ 116650 |$ 96735|$ 117913|$ 97,815

Lighting
Equipment
Cost:|$ 81,934 |$ 81934 [$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 10954|$ 19954|$ 19954|$ 19954 ($ 19954|$ 19954|$ 19954 ($ 10954 ($ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 | $ 207,833 [ $ 192495|$ 218362 | $ 201,095 | $ 223545|$ 205394 | $ 225738 | $ 207,240 [ $ 227,001 | $ 208321

Total 15-year
Cost Savings:]  N/A 9.9% 9.3% 6.7% 4.7% 2.6% 2.4% 0.5% 1.5% -0.4% 0.9% -0.9%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 1698 $ 243[ % 305($ 190 ([ $ 265($ 164 $ 245($ 153([$ 236 $ 1471 $ 231
Approximate
Annual
Energy Cost
Savings: N/A $ 1,605 [ $ 3227($ 4344 $ 2525 [ $ 3771 [ $ 2180 [ $ 3484 [ $ 2,033 [ $ 3361 $ 1949 | $ 3,289

Figure 131: Simulation 14 Results
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Figure 132: Simulation 14 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.15 Simulation 15: Mixed Use Garage with “MEDIUM” Activity

11.15.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Mixed Use MEDIUM
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Mixed Use MEDIUM
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T!me 2 2.5
System Delay T!me 8 5
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control systemcosts per controlled zone

Figure 133: Simulation 15 Input Variables
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11.15.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:11:56 [ 1912:27:42 | 1612:07:10 | 2885:57:46 | 2453:45:11 | 3426:24:47 | 2936:33:02 | 3660:48:40 | 3150:58:36 [ 3799:34:10 | 3279:21.57
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 6847:32:17 | 6021:41:36 | 5874:02:14 | 5180:03:30 | 5333:35:13 [ 4697:15:40 | 5099:11:21 | 4482:50:14 | 4960:25:50 | 4354:26:48

Average Zone
OFF Time:| 0:00:00 | 1126:48:01 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16

Average %
Time at High
Power:| 100.0% 87.1% 21.8% 18.4% 32.9% 28.0% 39.1% 33.5% 41.8% 36.0% 43.4% 37.4%
Average %
Time at Low
Power:|  0.0% 0.0% 78.2% 68.7% 67.1% 59.1% 60.9% 53.6% 58.2% 51.2% 56.6% 49.7%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $147,152 | $ 123074 |$ 91922 ($ 76265|$% 100778 |$ 83604 |$ 105401 |$ 87597|$ 107333|$ 89319 |$ 108458 | $ 90,336

Lighting
Equipment
Cost:|$ 81,934 |$ 81934 [$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 10954|$ 19954|$ 19954|$ 19954 ($ 19954|$ 19954|$ 19954 ($ 10954 ($ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 | $ 201,010 [ $ 186771 | $ 209,866 | $ 194109 | $ 214489 | $ 198103 | $ 216421 |$ 199825 | $ 217546 | $ 200,842

Total 15-year
Cost Savings:]  N/A 9.9% 12.3% 9.5% 8.4% 6.0% 6.4% 4.0% 5.5% 3.2% 5.0% 2.7%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 1698 $ 277($ 332($ 232($ 297 (% 209 $ 279 $ 200 $ 271 $ 1941 $ 2.66
Approximate
Annual
Energy Cost
Savings: N/A $ 1,605 [ $ 3,682 $ 4726 $ 3092 $ 42371 $ 2783 [ $ 3970 [ $ 2,655 [ $ 3856 [ $ 2,580 [ $ 3,788

Figure 134: Simulation 15 Results
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Figure 135: Simulation 15 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.16 Simulation 16: Mixed Use Garage with “LOW” Activity

11.16.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Mixed Use LOW
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Mixed Use LOW
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T!me 2 2.5
System Delay T!me 3 5
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 136: Simulation 16 Input Variables
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11.16.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:11:56 [ 1257:49:52 | 1070:38:02 | 1989:10:39 | 1700:43:03 | 2430:55:30 | 2092:37:47 | 2628:12:48 | 2273:54:43 | 2746:45:12 | 2385:11:48
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 7502:10:10 | 6563:11:13 | 6770:49:22 | 5933:06:09 | 6329:04:32 [ 5541:11:30 | 6131:47:13 | 5359:54:33 | 6013:14:46 | 5248:37:27

Average Zone
OFF Time:| 0:00:00 | 1126:48:01 0:00:00 1126:10:47 0:00:00 1126:10:47 0:00:00 1126:10:47 0:00:00 1126:10:47 0:00:00 1126:10:47

Average %
Time at High
Power:| 100.0% 87.1% 14.4% 12.2% 22.7% 19.4% 27.8% 23.9% 30.0% 26.0% 31.4% 27.2%
Average %
Time at Low
Power:|  0.0% 0.0% 85.6% 74.9% 77.3% 67.7% 72.2% 63.3% 70.0% 61.2% 68.6% 59.9%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $147,152 | $ 123074 |$ 85603 [$ 71343|$ 92278 |$ 76877 |$ 96108|$ 80158 |$ 97,755|$ 81624|$ 98727|$ 82510

Lighting
Equipment
Cost:|$ 81,934 |$ 81934 [$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:| $ -|$  1418|$
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 10954|$ 19954|$ 19954|$ 19954 ($ 19954|$ 19954|$ 19954 ($ 10954 ($ 19954|$ 19,954

$ 1418 [ $ -3 1418 | $ -1$ 1418 [ $ -3 1418 | $ -1$ 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 | $ 194691 [ $ 181849| $ 201,366 | $ 187,383 |$ 205196 | $ 190664 | $ 206843 | $ 192130 | $ 207,814 | $ 193016

Total 15-year
Cost Savings:]  N/A 9.9% 15.0% 11.9% 12.1% 9.2% 10.4% 7.6% 9.7% 6.9% 9.3% 6.5%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 1698 $ 308 $ 355($ 275($ 329 $ 256 | $ 313 $ 248 ([ $ 3071 % 243 $ 3.02
Approximate
Annual
Energy Cost
Savings: N/A $ 1,605 [ $ 4103 [ $ 5054 [ $ 3658 [ $ 4,685] $ 3403 [ $ 4,466 | $ 3293 [ $ 4369 | $ 3228 [ $ 4,309

Figure 137: Simulation 16 Results
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Figure 138: Simulation 16 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.17 Simulation 17: Baseline Configuration Adjusted to 0.2 WPF

11.17.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 16
OC Spacing N-S 16
# Luminaires per Control Zone 6
Occupancy Sensing Cost $624
Delay Time 1 1
Control Delay T!me 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $27
Notes Control system costs per controlled zone

Figure 139: Simulation 17 Input Variables
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Figure 140: Configuration of Typical Floor for Fluorescent Lighting System at 0.2 WPF
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11.17.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7719:52:31 [ 3283:09:18 | 2817:11:39 | 5086:28:15 | 4372:09:04 | 6077:41:14 | 5244:40:52 | 6492:56:31 | 5617:32:36 | 6740:49:48 | 5842:27:24
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 5476:50:38 | 4903:14:56 | 3673:31:44 | 3348:17:23 | 2682:18:47 | 2475:45:38 | 2267:03:34 | 2102:54:02 | 2019:10:12 | 1877:59:09

Average Zone
OFF Time:] 0:00:00 [ 1040:07:23 0:00:00 1039:33:28 0:00:00 1039:33:28 0:00:00 1039:33:28 0:00:00 1039:33:28 0:00:00 1039:33:28

Average %
Time at High
Power:| 100.0% 88.1% 37.5% 32.2% 58.1% 49.9% 69.4% 59.9% 74.1% 64.1% 77.0% 66.7%
Average %
Time at Low
Power:|  0.0% 0.0% 62.5% 56.0% 41.9% 38.2% 30.6% 28.3% 25.9% 24.0% 23.0% 21.4%
Average %
Time OFF:|  0.0% 11.9% 0.0% 11.9% 0.0% 11.9% 0.0% 11.9% 0.0% 11.9% 0.0% 11.9%

15-yr Energy
Cost:[ $286,947 | $ 243607 | $ 199633 [ $ 168195|$ 229991 | $ 193369 | $ 246228 | $ 207,165| $ 252,924 | $ 212,994 [ $ 256,881 | $ 216,485

Lighting
Equipment
Cost:[$159,771 | $ 159,771 |$ 173811 ($ 173811 |$ 173811 |$ 173811 |$ 173811 |$ 173811 |$ 173811 |$ 173811 |$ 173811 | $ 173811
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 S| 32424 |$ 3424 | $ 3424 | $ 424 ($ 32424 | $ 3424 |$ 424 (S 3424 $ 3424 $ 32424

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $446,717 | $ 404,795|$ 405868 | $ 375847 [ $ 436,226 | $ 401,022 | $ 452462 | $ 414818 [ $ 459,158 | $ 420646 | $ 463116 | $ 424,138

Total 15-year
Cost Savings:]  N/A 9.4% 9.1% 7.2% 2.3% 0.9% -1.3% -2.5% -2.8% -3.9% -3.7% -4.8%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 3056|$ 269 $ 351($ 176 [ $ 277($ 126 $ 236 $ 105($ 219 $ 093 $ 2.08
Approximate
Annual
Energy Cost
Savings: N/A $ 2,889 [ $ 5821 [ $ 7917 ( $ 3797 [ $ 6,238 [ $ 2715( $ 5319 $ 2,268 [ $ 4930 | $ 2004 [ $ 4,697

Figure 141: Simulation 17 Results
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Figure 142: Simulation 17 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.18 Simulation 18: University Configuration 1

11.18.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type University 1
Scheduling Occupancy Schedule Variance 10%
Transient Schedule Type University 1
Transient Schedule Variance 10%
Total # Spaces 100
Parking Total # Floors 2
Garage # Occupancy Zones per Floor 6
Information Daylight Availability Poor
# Daylighted Zones per Floor 3
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 16
OC Spacing N-S 16
# Luminaires per Control Zone 6
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay Time 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $95
Notes Control system costs per controlled zone

Figure 143: Simulation 18 Input Variables
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11.18.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:12:02 | 1143:46:23 | 967:55:36 | 2413:07:23 | 2051:23:37 | 3769:53:19 | 3222:12:26 | 4577:10:32 | 3927:46:26 | 5088:00:41 | 4377:57:49
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 7616:13:38 | 6665:54:30 | 6346:52:38 | 5582:26:27 | 4990:06:43 | 4411:37:39 | 4182:49:28 | 3706:03:41 | 3671:59:19 | 3255:52:16

Average Zone
OFF Time:] 0:00:00 [ 1126:48:00 0:00:00 1126:09:55 0:00:00 1126:09:55 0:00:00 1126:09:55 0:00:00 1126:09:55 0:00:00 1126:09:55

Average %
Time at High
Power:| 100.0% 87.1% 13.1% 11.0% 27.5% 23.4% 43.0% 36.8% 52.3% 44.8% 58.1% 50.0%
Average %
Time at Low
Power:|  0.0% 0.0% 86.9% 76.1% 72.5% 63.7% 57.0% 50.4% 47.7% 42.3% 41.9% 37.2%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[$ 44146 | $ 36922|$ 25104 (3% 20926|$ 28432|$ 23653 |$ 31917|$ 26541|$ 33937 |$ 28238[$ 35191|$ 29,300

Lighting
Equipment
Cost:|$ 24580 | $ 24580 [$ 26740 $ 26740|$ 26740|$ 26740 [$ 26740 $ 26740|$ 26740 |$ 26740 [$ 26740 [ $ 26,740
Daylighting
Control
Equipment
Cost:[ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -13 567
Occupancy
Control
Equipment
Cost:| $ -3 -1 s 5986 | $ 5086 | $ 5086 [ $ 5986 | $ 5986 | $ 5086 | $ 5086 [ $ 5986 [ $ 5986 | $ 5,986

Total 15-yr
Cost (Initial +
NPV of
Energy):[$ 68726 | $ 62070 |$ 57831 [$ 54220|$ 61158 |$ 56946 |$ 64643|$ 59835|% 66663|$ 61531[|$ 67917|$ 62593

Total 15-year
Cost Savings:]  N/A 9.7% 15.9% 12.6% 11.0% 8.3% 5.9% 3.6% 3.0% 0.9% 1.2% -0.8%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 12741 % 318 $ 354 $ 262 $ 313 $ 204 $ 269 $ 171($ 243([$ 150 | $ 227
Approximate
Annual
Energy Cost
Savings: N/A $ 482 $ 1269 | $ 1548 | $ 1,048 | $ 1,366 [ $ 815| $ 11741 $ 681 ] $ 1,061 [ $ 597 $ 990

Figure 144: Simulation 18 Results
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Figure 145: Simulation 18 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.19 Simulation

19: “Bust” Configuration 1

11.19.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Bust 1
. Occupancy Schedule Variance 5%
Scheduling Transient Schedule Type Bust 1
Transient Schedule Variance 5%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T!me 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 146: Simulation 19 Input Variables
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11.19.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Good 0 Good 0 Good 0 Good 0 Good 0 Good

Average Zone
High Power
Time:|8760:00:00| 5497:07:09 [ 3505:00:58 | 1918:27:10 | 5038:03:34 | 2803:05:30 [ 5802:57:14 | 3271:34:32 | 6127:39:33 | 3479:34:32 | 6323:09:49 | 3608:33:04
Average Zone
Low Power
Time:| 0:00:00 0:00:00 5254:59:00 | 3579:34:10 | 3721:56:26 | 2694:55:54 | 2957:02:45 | 2226:26:50 | 2632:20:25 | 2018:26:49 | 2436:50:10 | 1889:28:20

Average Zone
OFF Time:] 0:00:00 [ 3262:52:51 0:00:00 3261:58:37 0:00:00 3261:58:37 0:00:00 3261:58:37 0:00:00 3261:58:37 0:00:00 3261:58:37

Average %
Time at High
Power:| 100.0% 62.8% 40.0% 21.9% 57.5% 32.0% 66.2% 37.3% 70.0% 39.7% 72.2% 41.2%
Average %
Time at Low
Power:|  0.0% 0.0% 60.0% 40.9% 42.5% 30.8% 33.8% 25.4% 30.0% 23.0% 27.8% 21.6%
Average %
Time OFF:|  0.0% 37.2% 0.0% 37.2% 0.0% 37.2% 0.0% 37.2% 0.0% 37.2% 0.0% 37.2%

15-yr Energy
Cost:[ $147152 | $ 82295|$ 104331 [$ 56288|$% 117,791 |$ 63159 |$ 124492 |$ 66774|$ 127327|$ 68365[3$ 129019|$ 69,336

Lighting
Equipment
Cost:|$ 81,934 |$ 81934 [$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 10954|$ 19954|$ 19954|$ 19954 ($ 19954|$ 19954|$ 19954 ($ 10954 ($ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 165,646 | $ 213419 [ $ 166794 | $ 226879 | $ 173665|$ 233580 | $ 177280 | $ 236415|$ 178871 | $ 238107 | $ 179,842

Total 15-year
Cost Savings:]  N/A 27.7% 6.8% -0.7% 1.0% -4.8% -2.0% -7.0% -3.2% -8.0% -3.9% -8.6%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 457418 215( $ 425]$ 147($ 393| % 114 $ 376 [ $ 099 ($ 369 $ 0918 3.64
Approximate
Annual
Energy Cost
Savings: N/A $ 43241 $ 2855 | $ 6,058 | $ 1957 | $ 5,600 [ $ 1511 | $ 5359 [ $ 1322 $ 5252 $ 1,209 | $ 5,188

Figure 147: Simulation 19 Results
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Figure 148: Simulation 19 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.20 Simulation 20: Baseline with Full Reporting & 1-10 Minute Delay Times

11.20.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T!me 2 2.5
Delay Time 3 5
System -
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 149: Simulation 20 Input Variables
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11.20.2 Simulation Results

CS1 CS2 CS3 CS4 CS5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 750 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:[8760:00:00| 7633:11:54 | 3229:33:28 | 2762:50:45 | 5003:09:44 | 4282:25:15 | 5970:36:23 | 5119:53:27 | 6371:19:08 | 5469:44:14 | 6608:46:12 | 5678:06:02
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 5530:26:32 | 4870:58:00 | 3756:50:16 | 3351:23:27 | 2789:23:38 | 2513:55:21 | 2388:40:48 | 2164:04:34 | 2151:13:47 | 1955:42:42

Average Zone
OFF Time:[ 0:00:00 [ 1126:48:01 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16

Average %
Time at High
Power:| 100.0% 87.1% 36.9% 31.5% 57.1% 48.9% 68.2% 58.4% 72.7% 62.4% 75.4% 64.8%
Average %
Time at Low
Power:|  0.0% 0.0% 63.1% 55.6% 42.9% 38.3% 31.8% 28.7% 27.3% 24.71% 24.6% 22.3%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $147152 | $ 123074 |$ 101831 [$ 84783|$ 117,084|$ 97331 |$ 125224 | $ 104093 | $ 128559 | $ 106,887 [ $ 130,532 | $ 108,548

Lighting
Equipment
Cost:[$ 81934 |$ 81934|$ 89134($ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134[3$ 89134|$ 89134
Daylighting
Control
Equipment
Cost:[ $ -|$  1418($ -1$ 1418 $ -|1$  1418($
Occupancy
Control
Equipment
Cost:| $ -1 8 -[$ 19954($ 19954|$ 19954 |$ 19954 [$ 19954($ 19954|$ 19954|$ 19954 ($ 19954($ 19954

$ 1418 [ $ -3 1418 | $

$ 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 | $ 210919 | $ 195289 [ $ 226172 |$ 207,837 | $ 234312 | $ 214599 [ $ 237647 |$ 217393 | $ 239,620 | $ 219,054

Total 15-year
Cost Savings:[ N/A 9.9% 7.9% 5.4% 1.3% -0.7% -2.3% -4.0% -3.7% -5.3% -4.6% -6.1%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 1698 $ 22711 % 2921 $ 1511 $ 233($ 1101 $ 2011 $ 0938 183 $ 083 $ 181
Approximate
Annual
Energy Cost
Savings:[ N/A $ 1605[$% 3021|$ 4158|$ 2005($ 3321|$ 1462|$ 2871($ 1240[$ 2684|3$ 1108|$ 2574

Figure 150: Simulation 20 Results
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Figure 151: Simulation 20 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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Figure 152: Simulation 20 Total Zone-by-Zone Costs
2 1/2-Minute Time Delay for Occupancy Sensing
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Figure 153: Simulation 20 Total Zone-by-Zone Costs
5-Minute Time Delay for Occupancy Sensing
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Figure 154: Simulation 20 Total Zone-by-Zone Costs
7 1/2-Minute Time Delay for Occupancy Sensing
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Figure 155: Simulation 20 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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11.21 Simulation 21: Baseline with Full Reporting & 10-30 Minute Delay Times

11.21.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 10
Control Delay T!me 2 15
System Delay T!me 3 20
Information DelafRTIme 7 25
Delay Time 5 30
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 156: Simulation 21 Input Variables
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11.21.2 Simulation Results

CS1 CS2 CS3 CS4 CS5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 10.00 10.00 15.00 15.00 20.00 20.00 25.00 25.00 30.00 30.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:[8760:00:00| 7633:11:56 | 6606:56:31 | 5738:13:40 | 6894:03:05 | 6003:41:46 | 7068:39:07 | 6166:37:28 | 7186:32:17 | 6277:17:39 | 7271:52:50 | 6357:42:14
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 2153:03:28 | 1895:35:01 | 1865:56:57 | 1630:07:00 | 1691:20:52 [ 1467:11:13 | 1573:27:39 | 1356:31:02 | 1488:07:11 | 1276:06:35

Average Zone
OFF Time:[ 0:00:00 [ 1126:48:01 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16 0:00:00 1126:11:16

Average %
Time at High
Power:| 100.0% 87.1% 75.4% 65.5% 78.7% 68.5% 80.7% 70.4% 82.0% 71.7% 83.0% 72.6%
Average %
Time at Low
Power:| 0.0% 0.0% 24.6% 21.6% 21.3% 18.6% 19.3% 16.7% 18.0% 15.5% 17.0% 14.6%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $147152 | $ 123074 | $ 130552 $ 109241 | $ 132895|$ 111355|$ 134279 | $ 112617 $ 135198 | $ 113463 | $ 135854 | $ 114,069

Lighting
Equipment
Cost:[$ 81934 |$ 81934|$ 89134($ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134[3$ 89134|$ 89134
Daylighting
Control
Equipment
Cost:[ $ -|$  1418($ -1$ 1418 $ -|1$  1418($
Occupancy
Control
Equipment
Cost:| $ -1 8 -[$ 19954($ 19954|$ 19954 |$ 19954 [$ 19954($ 19954|$ 19954|$ 19954 ($ 19954 $ 19954

$ 1418 [ $ -3 1418 | $

$ 1,418

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 | $ 239,640 | $ 219,747 [ $ 241983 |$ 221,860 | $ 243367 | $ 223123 [ $ 244286 | $ 223969 | $ 244,942 | $ 224575

Total 15-year
Cost Savings:[ N/A 9.9% -4.6% -6.5% -5.6% -7.5% -6.2% -8.1% -6.6% -8.5% -6.9% -8.8%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 1698 $ 083 % 1771$ 0711 $ 167 $ 065 $ 1621 $ 060 $ 158([$ 0571 % 155
Approximate
Annual
Energy Cost
Savings:[ N/A $ 1605[% 1107|$ 2527]$ 950 $  2387]% 858 | $ 2302($ 7978 2246|$ 7531 $ 2,206

Figure 157: Simulation 21 Results
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Figure 158: Simulation 21 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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Figure 159: Simulation 21 Total Zone-by-Zone Costs
15-Minute Time Delay for Occupancy Sensing
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Figure 160: Simulation 21 Total Zone-by-Zone Costs
20-Minute Time Delay for Occupancy Sensing
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Figure 161: Simulation 21 Total Zone-by-Zone Costs
25-Minute Time Delay for Occupancy Sensing
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Figure 162: Simulation 21 Total Zone-by-Zone Costs
30-Minute Time Delay for Occupancy Sensing
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11.22 Simulation 22: “Bust” Configuration 2

11.22.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Bust 2
. Occupancy Schedule Variance 5%
Schedul
cheauling Transient Schedule Type Bust 2
Transient Schedule Variance 5%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
5

# Daylighted Zones per Floor

Luminaire Description

4' (2) T8 Striplight with Wireguard, Bi-Level Ballast

Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 1
Control Delay T!me 2 2.5
System Delay T!me 3 5
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 163: Simulation 22 Input Variables
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11.22.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00) 8309:16:45 [ 3204:19:39 | 2989:58:04 | 4529:01:12 | 4224:25:41 | 5145:52:36 | 4802:54:40 | 5404:00:22 | 5045:49:02 | 5554:44:27 | 5187:41:33
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 5555:40:21 | 5319:33:30 | 4230:58:47 | 4085:05:50 | 3614:07:24 | 3506:36:54 | 3355:59:41 | 3263:42:33 | 3205:15:33 | 3121:50:01

Average Zone
OFF Time:[ 0:00:00 | 450:43:12 0:00:00 450:28:27 0:00:00 450:28:27 0:00:00 450:28:27 0:00:00 450:28:27 0:00:00 450:28:27

Average %
Time at High
Power:| 100.0% 94.9% 36.6% 34.1% 51.7% 48.2% 58.7% 54.8% 61.7% 57.6% 63.4% 59.2%
Average %
Time at Low
Power:|  0.0% 0.0% 63.4% 60.7% 48.3% 46.6% 41.3% 40.0% 38.3% 37.3% 36.6% 35.6%
Average %
Time OFF:|  0.0% 5.1% 0.0% 5.1% 0.0% 5.1% 0.0% 5.1% 0.0% 5.1% 0.0% 5.1%

15-yr Energy
Cost:[ $147,152 | $ 1375521 | $ 101,732 $ 94635|$ 113652 | $ 105580 | $ 119323 | $ 110816 | $ 121,723 |$ 113035|$ 123126 | $ 114,329

Lighting
Equipment
Cost:|$ 81,934 |$ 81934 [$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 10954|$ 19954|$ 19954|$ 19954 ($ 19954|$ 19954|$ 19954 ($ 10954 ($ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 220873 | $ 210820 [ $ 205140 | $ 222,740 | $ 216086 | $ 228411 | $ 221322 | $ 230811 | $ 223541 | $ 232214| $ 224,835

Total 15-year
Cost Savings:]  N/A 3.6% 8.0% 7.1% 2.8% 2.2% 0.3% -0.2% -0.8% -1.2% -1.4% -1.8%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A 3$ 679 $ 228($ 246 [ $ 168 [ $ 195($ 139 $ 170 $ 127($ 160 [ $ 120 $ 154
Approximate
Annual
Energy Cost
Savings: N/A $ 642 | $ 3028 [ $ 3501 | $ 2233 [ $ 2771 [ $ 1855 | $ 2422 $ 1695 | $ 2274 [ $ 1602 | $ 2,188

Figure 164: Simulation 22 Results
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Figure 165: Simulation 22 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.23 Simulation 23: University Configuration 2
11.23.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type University 2
. Occupancy Schedule Variance 10%
Scheduling Transient Schedule Type University 2
Transient Schedule Variance 10%
Total # Spaces 100
Parking Total # Floors 2
Garage # Occupancy Zones per Floor 6
Information Daylight Availability Poor
# Daylighted Zones per Floor 3
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 10
Control Delay T!me 2 15
System Delay T!me 8 20
Information DElAR1 ime 7 25
Delay Time 5 30
Daylight Switching Cost $95
Notes Control systemcosts per controlled zone

Figure 166: Simulation 23 Input Variables
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11.23.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:|8760:00:00| 7633:12:02 | 1066:26:32 | 922:38:47 | 2053:32:25 | 1788:49:17 [ 2897:59:38 | 2542:00:37 | 3314:16:49 | 2916:59:38 | 3552:32:34 [ 3131:02:02
Average Zone
Low Power
Time:| 0:00:00 0:00:00 7693:33:28 | 6711:10:35 | 6706:27:35 | 5845:00:03 | 5862:00:22 | 5091:48:43 | 5445:43:11 | 4716:49:43 | 5207:27:28 | 4502:47:17

Average Zone
OFF Time:| 0:00:00 | 1126:48:00 0:00:00 1126:10:40 0:00:00 1126:10:40 0:00:00 1126:10:40 0:00:00 1126:10:40 0:00:00 1126:10:40

Average %
Time at High
Power:| 100.0% 87.1% 12.2% 10.5% 23.4% 20.4% 33.1% 29.0% 37.8% 33.3% 40.6% 35.7%
Average %
Time at Low
Power:|  0.0% 0.0% 87.8% 76.6% 76.6% 66.7% 66.9% 58.1% 62.2% 53.8% 59.4% 51.4%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[$ 44146 | $ 36922 |$ 24931 ($ 20858 |$ 27504|$ 23042|$ 29619|$ 24867|$% 30623|$ 25740 $ 31186 $ 26,225

Lighting
Equipment
Cost:|$ 24580 | $ 24580 [$ 26740 $ 26740|$ 26740|$ 26740 [$ 26740 $ 26740|$ 26740 |$ 26740 [$ 26740 [ $ 26,740
Daylighting
Control
Equipment
Cost:[ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -13 567
Occupancy
Control
Equipment
Cost:| $ -3 -1 s 5986 | $ 5086 | $ 5086 [ $ 5986 | $ 5986 | $ 5086 | $ 5086 [ $ 5986 [ $ 5986 | $ 5,986

Total 15-yr
Cost (Initial +
NPV of
Energy):[$ 68726 |$ 62070 | $ 57658 |$ 54151 ($ 60230|$ 56336|$ 62345|$ 58161 [$ 63349|$ 59033|$ 63913|$ 59,519

Total 15-year
Cost Savings:]  N/A 9.7% 16.1% 12.8% 12.4% 9.2% 9.3% 6.3% 7.8% 4.9% 7.0% 4.1%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 12741 % 321 $ 355($ 278 $ 322 $ 243 $ 294 (8 226 $ 281 $ 216 $ 273
Approximate
Annual
Energy Cost
Savings: N/A $ 482 $ 1281 | $ 1553 | $ 1,109 | $ 1,407 [ $ 968 | $ 1285| $ 902 | $ 1227 $ 864 | $ 1,195

Figure 167: Simulation 23 Results
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Figure 168: Simulation 23 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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11.24 Simulation 24: LED Lighting System with Full Reporting & 1-10 Minute Delay
Times

11.24.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 28
Information Daylight Availability Poor
# Daylighted Zones per Floor 14
Luminaire Description LED with optional integral occupancy sensor
Uncontrolled Luminaire Total Unit Cost $4,373
Controlled Luminaire Total Unit Cost $4,373
Luminaire High Power 68
Information Low Power 13.6
OC Spacing E-W 32
OC Spacing N-S 32
# Luminaires per Control Zone 1
Occupancy Sensing Cost $402
Delay Time 1 1
Control Delay T?me 2 2.5
Delay Time 3 5
System :
Information Delay Time 4 7.5
Delay Time 5 10
Daylight Switching Cost $25
Notes Control system costs per controlled zone

Figure 169: Simulation 24 Input Variables
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11.24.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 1.00 1.00 2.50 2.50 5.00 5.00 7.50 7.50 10.00 10.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:11:51 [ 2989:15:45 | 2542:55:30 | 4638:58:19 | 3952:14:44 | 5554:30:11 | 4747:45:31 | 5947:02:35 | 5092:02:27 | 6184:45:02 | 5300:29:45
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 5770:44:10 | 5090:53:51 | 4121:01:45 | 3681:34:46 | 3205:29:48 | 2886:03:54 | 2812:57:29 | 2541:46:58 | 2575:15:02 | 2333:19:41

Average Zone
OFF Time:| 0:00:00 | 1126:47:58 0:00:00 1126:10:37 0:00:00 1126:10:37 0:00:00 1126:10:37 0:00:00 1126:10:37 0:00:00 1126:10:37

Average %
Time at High
Power:| 100.0% 87.1% 34.1% 29.0% 53.0% 45.1% 63.4% 54.2% 67.9% 58.1% 70.6% 60.5%
Average %
Time at Low
Power:|  0.0% 0.0% 65.9% 58.1% 47.0% 42.0% 36.6% 32.9% 32.1% 29.0% 29.4% 26.6%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $129712 | $ 108488 |$ 63377 [$ 52321 |$ 83313|$ 68670 |$ 94120|$ 77698|$ 98682|$ 81539 |$ 101421|$ 83839

Lighting
Equipment
Cost:| $489,815 | $ 489,815 $ 489815 $ 489815|$ 489815| $ 489815 $ 489815 $ 489815|$ 489815| $ 489,815 [ $ 489,815 [ $ 489815
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 45079|$ 45079|$ 45079 |$ 45079 ($ 45079|$ 45079 |$ 45079 ($ 45079 ($ 45079 $ 45079

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $619527 | $ 599,721 | $ 598271 | $ 588633 [ $ 618208 | $ 604,983 | $ 629,015| $ 614,010 [ $ 633577 | $ 617,851 | $ 636,315 | $ 620,151

Total 15-year
Cost Savings:]  N/A 3.2% 3.4% 1.8% 0.2% -0.9% -1.5% -2.4% -2.3% -3.0% -2.7% -3.4%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 1497 % 1471 $ 166 | $ 103 [ $ 131($ 079 $ 112 $ 069 [$ 104([$ 063 $ 0.99
Approximate
Annual
Energy Cost
Savings: N/A $ 1415 $ 4422 [ $ 5159 [ $ 3093 ([ $ 4,069 | $ 2373 [ $ 3,468 [ $ 2,069 [ $ 3212 $ 1,886 | $ 3,058

Figure 170: Simulation 24 Results
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Figure 171: Simulation 24 Total Zone-by-Zone Costs
1-Minute Time Delay for Occupancy Sensing
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Figure 172: Simulation 24 Total Zone-by-Zone Costs
2 1/2-Minute Time Delay for Occupancy Sensing
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Figure 173: Simulation 24 Total Zone-by-Zone Costs
5-Minute Time Delay for Occupancy Sensing
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Figure 174: Simulation 24 Total Zone-by-Zone Costs
7 1/2-Minute Time Delay for Occupancy Sensing
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Figure 175: Simulation 24 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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11.25 Simulation 25: LED Lighting System with Full Reporting & 10-30 Minute Delay
Times

11.25.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Transportation HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Transportation HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 28
Information Daylight Availability Poor
# Daylighted Zones per Floor 14
Luminaire Description LED with optional integral occupancy sensor
Uncontrolled Luminaire Total Unit Cost $4,373
Controlled Luminaire Total Unit Cost $4,373
Luminaire High Power 68
Information Low Power 13.6
OC Spacing E-W 32
OC Spacing N-S 32
# Luminaires per Control Zone 1
Occupancy Sensing Cost $402
Delay Time 1 10
Control Delay Time 2 15
System Delay T!me 3 20
Information DelayMiiine 4 25
Delay Time 5 30
Daylight Switching Cost $25
Notes Control system costs per controlled zone

Figure 176: Simulation 25 Input Variables
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11.25.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 10.00 10.00 15.00 15.00 20.00 20.00 25.00 25.00 30.00 30.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:11:59 [ 6189:23:02 | 5338:20:45 | 6483:40:55 | 5610:21:44 | 6666:45:58 | 5782:35:12 | 6793:10:11 | 5903:04:21 | 6884:56:05 [ 5991:25:28
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 2570:37:00 | 2295:28:24 | 2276:19:01 | 2023:27:08 | 2093:14:01 [ 1851:13:45 | 1966:49:51 | 1730:44:37 | 1875:03:57 | 1642:23:32

Average Zone
OFF Time:| 0:00:00 | 1126:47:58 0:00:00 1126:11:.03 0:00:00 1126:11:03 0:00:00 1126:11:.03 0:00:00 1126:11:03 0:00:00 1126:11:.03

Average %
Time at High
Power:| 100.0% 87.1% 70.7% 60.9% 74.0% 64.0% 76.1% 66.0% 77.5% 67.4% 78.6% 68.4%
Average %
Time at Low
Power:|  0.0% 0.0% 29.3% 26.2% 26.0% 23.1% 23.9% 21.1% 22.5% 19.8% 21.4% 18.7%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $129,712 | $ 108488 | $ 101465|$ 84368|$ 104777|$ 87354|$ 106793 |$ 89212|$ 108163 |$ 90497 [ $ 109142 | $ 91,429

Lighting
Equipment
Cost:| $489,815 | $ 489,815 $ 489815 $ 489815|$ 489815| $ 489815 $ 489815 $ 489815|$ 489815| $ 489,815 [ $ 489,815 [ $ 489815
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 45079|$ 45079|$ 45079 |$ 45079 ($ 45079|$ 45079 |$ 45079 ($ 45079 ($ 45079 $ 45079

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $619,527 | $ 599,721 | $ 636,359 [ $ 620,681 | $ 639,671 | $ 623,667 | $ 641687 | $ 625524 | $ 643057 | $ 626,809 | $ 644,036 | $ 627,741

Total 15-year
Cost Savings:]  N/A 3.2% -2.7% -3.5% -3.3% -4.0% -3.6% -4.3% -3.8% -4.5% -4.0% -A4.7%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 1497 % 063 $ 098 $ 055([$ 091]$% 051 $ 087 $ 048 $ 0841 $ 046 | $ 0.82
Approximate
Annual
Energy Cost
Savings: N/A $ 1415 $ 1883 | $ 3023 [ $ 1662 | $ 2824 [ $ 1528 | $ 2,700 $ 14371 $ 2614 [ $ 1371 $ 2,552

Figure 177: Simulation 25 Results
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Figure 178: Simulation 25 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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Figure 179: Simulation 25 Total Zone-by-Zone Costs
15-Minute Time Delay for Occupancy Sensing
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Figure 180: Simulation 25 Total Zone-by-Zone Costs
20-Minute Time Delay for Occupancy Sensing
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Figure 181: Simulation 25 Total Zone-by-Zone Costs
25-Minute Time Delay for Occupancy Sensing
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Figure 182: Simulation 25 Total Zone-by-Zone Costs
30-Minute Time Delay for Occupancy Sensing

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls Page 214

11.26 Simulation 26: Office Park Garage with “MEDIUM” Activity, Fluorescent Lighting
System & Full Reporting

11.26.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Office Park MEDIUM
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Office Park MEDIUM
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 5
Control Delay T?me 2 10
System Delay T!me 3 15
Information Delay Time 4 20
Delay Time 5 30
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 183: Simulation 26 Input Variables

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls Page 215

11.26.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 5.00 5.00 10.00 10.00 15.00 15.00 20.00 20.00 30.00 30.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:11:56 [ 2383:15:19 [ 1902:53:09 | 2771:24:10 | 2217:04:58 | 2934:50:58 | 2354:49:17 | 3031:03:06 | 2437:26:23 | 3143:47:21 | 2537:24:24
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 6376:44:41 | 5730:56:07 | 5988:35:49 | 5416:44:17 | 5825:00:01 [ 5278:59:49 | 5728:56:56 | 5196:22:45 | 5616:12:39 | 5096:24:48

Average Zone
OFF Time:| 0:00:00 | 1126:48:01 0:00:00 1126:10:51 0:00:00 1126:10:51 0:00:00 1126:10:51 0:00:00 1126:10:51 0:00:00 1126:10:51

Average %
Time at High
Power:| 100.0% 87.1% 271.2% 21.7% 31.6% 25.3% 33.5% 26.9% 34.6% 27.8% 35.9% 29.0%
Average %
Time at Low
Power:|  0.0% 0.0% 72.8% 65.4% 68.4% 61.8% 66.5% 60.3% 65.4% 59.3% 64.1% 58.2%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $147,152 | $ 123074 |$ 97169 ($ 79714|$ 100925|$ 82612 |$ 102484 |$ 83859 | $ 103388 |$ 84601 |$ 104440| $ 85493

Lighting
Equipment
Cost:|$ 81,934 |$ 81934 [$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 10954|$ 19954|$ 19954|$ 19954 ($ 19954|$ 19954|$ 19954 ($ 10954 ($ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 206426 | $ 206257 [ $ 190,220 | $ 210,013 | $ 193118 | $ 211572 | $ 194365|$ 212476 | $ 195107 [ $ 213528 | $ 195999

Total 15-year
Cost Savings:]  N/A 9.9% 10.0% 7.9% 8.3% 6.4% 7.6% 5.8% 7.3% 5.5% 6.8% 5.1%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 1698 $ 250 [ $ 316 $ 232($ 302 $ 224 $ 2% [ $ 219 $ 293([$ 214 $ 2.89
Approximate
Annual
Energy Cost
Savings: N/A $ 1,605 [ $ 3332 [ $ 449% [ $ 3082 $ 4303 ] $ 2978 [ $ 4220 [ $ 2918 [ $ 4170 | $ 2847( $ 4,111

Figure 184: Simulation 26 Results
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Figure 185: Simulation 26 Total Zone-by-Zone Costs
5-Minute Time Delay for Occupancy Sensing
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Figure 186: Simulation 26 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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Figure 187: Simulation 26 Total Zone-by-Zone Costs
15-Minute Time Delay for Occupancy Sensing
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Figure 188: Simulation 26 Total Zone-by-Zone Costs
20-Minute Time Delay for Occupancy Sensing
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Figure 189: Simulation 26 Total Zone-by-Zone Costs
30-Minute Time Delay for Occupancy Sensing
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11.27 Simulation 27: Office Park Garage with “MEDIUM” Activity, LED Lighting System
& Full Reporting

11.27.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Office Park MEDIUM
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Office Park MEDIUM
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 28
Information Daylight Availability Poor
# Daylighted Zones per Floor 14
Luminaire Description LED with optional integral occupancy sensor
Uncontrolled Luminaire Total Unit Cost $4,373
Controlled Luminaire Total Unit Cost $4,373
Luminaire High Power 68
Information Low Power 13.6
OC Spacing E-W 32
OC Spacing N-S 32
# Luminaires per Control Zone 1
Occupancy Sensing Cost $402
Delay Time 1 5
Control Delay T?me 2 10
System Delay T!me 3 15
Information Delay Time 4 20
Delay Time 5 30
Daylight Switching Cost $25
Notes Control system costs per controlled zone

Figure 190: Simulation 27 Input Variables
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11.27.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 5.00 5.00 10.00 10.00 15.00 15.00 20.00 20.00 30.00 30.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:|8760:00:00| 7633:11:59 | 2232:23:33 | 1801:26:46 | 2622:57:30 | 2127:10:26 | 2801:22:45 | 2283:26:33 | 2912:09:40 | 2383:26:34 [ 3050:47:11 | 2514:01:18
Average Zone
Low Power
Time:| 0:00:00 0:00:00 6527:36:29 | 5832:23:50 | 6137:02:30 | 5506:40:10 | 5958:37:15 | 5350:24:04 | 5847:50:19 | 5250:23:46 | 5709:12:49 | 5119:49:20

Average Zone
OFF Time:| 0:00:00 | 1126:47:58 0:00:00 1126:09:29 0:00:00 1126:09:29 0:00:00 1126:09:29 0:00:00 1126:09:29 0:00:00 1126:09:29

Average %
Time at High
Power:| 100.0% 87.1% 25.5% 20.6% 29.9% 24.3% 32.0% 26.1% 33.2% 27.2% 34.8% 28.7%
Average %
Time at Low
Power:|  0.0% 0.0% 74.5% 66.6% 70.1% 62.9% 68.0% 61.1% 66.8% 59.9% 65.2% 58.4%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[ $129712 | $ 108488 |$ 57649 [$ 46442|$ 62906|$ 50630|$ 65217 |$% 52573|$% 66633|$ 53805|% 68354|$% 55388

Lighting
Equipment
Cost:| $489,815 | $ 489,815 $ 489815 $ 489815|$ 489815| $ 489815 $ 489815 $ 489815|$ 489815| $ 489,815 [ $ 489,815 [ $ 489815
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 45079|$ 45079|$ 45079 |$ 45079 ($ 45079|$ 45079 |$ 45079 ($ 45079 ($ 45079 $ 45079

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $619,527 | $ 599,721 | $ 592543 | $ 582754 | $ 597,801 | $ 586943 | $ 600,112 | $ 588885| $ 601,527 | $ 590,118 | $ 603,248 | $ 591,700

Total 15-year
Cost Savings:]  N/A 3.2% 4.4% 2.8% 3.5% 2.1% 3.1% 1.8% 2.9% 1.6% 2.6% 1.3%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment: N/A $ 1497 [ $ 160] $ 1791 $ 1481 $ 170 $ 1431 $ 166|$ 140 $ 163 | $ 1361 $ 1.60
Approximate
Annual
Energy Cost
Savings: N/A $ 1415 $ 4804 [ $ 5551 | $ 44541 $ 5272 $ 4300 [ $ 5143 [ $ 4205] $ 5,060 [ $ 4001 [ $ 4,955

Figure 191: Simulation 27 Results

2013 California Building Energy Efficiency Standards [February 2011]





Parking Garage LPA and Controls

Page 221

Total 15-Year Net Present Cost

Total 15-Year Net Present Cost

110%

105%

100%

95%

90%

85%

110%

105%

100%

95%

90%

85%

80%

..............................................................................................................

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100103106109112

Zone Number

e T0tal 15-Year Cost - Daylighted Zones e= e Total 15-Year Cost - Non-Daylighted Zones

= - = Mean 15-Year Cost - Daylighted Zones — — Mean 15-Year Cost - Non-Daylighted Zones

------ Total 15-Year Cost - "Uncontrolled" Baseline

Figure 192: Simulation 27 Total Zone-by-Zone Costs
5-Minute Time Delay for Occupancy Sensing
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Figure 193: Simulation 27 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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Figure 194: Simulation 27 Total Zone-by-Zone Costs
15-Minute Time Delay for Occupancy Sensing
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Figure 195: Simulation 27 Total Zone-by-Zone Costs
20-Minute Time Delay for Occupancy Sensing
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Figure 196: Simulation 27 Total Zone-by-Zone Costs
30-Minute Time Delay for Occupancy Sensing
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11.28 Simulation 28: Office Park Garage with “HIGH” Activity & Full Reporting

11.28.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Office Park HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Office Park HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 5
Control Delay T?me 2 10
System Delay T!me 3 15
Information BT i 20
Delay Time 5 30
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 197: Simulation 28 Input Variables
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11.28.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting | Daylighting [ Daylighting | Daylighting [ Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting

Occupancy
Sensor Delay
Time: - - 5.00 5.00 10.00 10.00 15.00 15.00 20.00 20.00 30.00 30.00
Daylight
Auvailability: 0 Moderate 0 Moderate 0 Moderate 0 Moderate 0 Moderate 0 Moderate

Average Zone
High Power
Time:| 8760:00:00 | 7085:41:59 | 3325:52:15 | 2373:06:03 | 3774:31:25 | 2709:28:04 | 3972:42:40 | 2861:48:19 | 4093:55:19 | 2956:55:00 | 4237:52:14 | 3073:56:04
Average Zone
Low Power
Time:[  0:00:00 0:00:00 5434:07:45 | 4713:15:06 | 4985:28:39 | 4376:53:05 | 4787:17:20 | 4224:32:44 | 4666:04:44 [ 4129:26:07 | 4522:07:45 | 4012:25:05

Average Zone
OFF Time:]  0:00:00 1674:18:00 0:00:00 1673:38:53 0:00:00 1673:38:53 0:00:00 1673:38:53 0:00:00 1673:38:53 0:00:00 1673:38:53

Average %
Time at High
Power:|  100.0% 80.9% 38.0% 27.1% 43.1% 30.9% 45.4% 32.7% 46.7% 33.8% 48.4% 35.1%
Average %
Time at Low
Power: 0.0% 0.0% 62.0% 53.8% 56.9% 50.0% 54.6% 48.2% 53.3% 47.1% 51.6% 45.8%
Average %
Time OFF: 0.0% 19.1% 0.0% 19.1% 0.0% 19.1% 0.0% 19.1% 0.0% 19.1% 0.0% 19.1%

15-yr Energy
| Cost:| $ 147,152 | $ 112,849 | $ 105,810 | $ 78320 | $ 110,009 | $ 81,280 | $ 111,853 | $ 82,605 | $ 112,972 | $ 83423 | $ 114,280 | $ 84,408 |

Lighting
Equipment
Cost:] $ 81934|$ 81934|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134|$ 89134
Daylighting
Control
Equipment
Cost:| $ -8 1418($ -|$ 1418( 8 -8 1418( 8 -1 $ 1418( 8 -1 $ 1418( 8 -[$ 1418
Occupancy
Control
Equipment
Cost:[ $ -1$ -[$ 19954 ($ 19954 |$ 19954 ($ 19954|$ 19954 |$ 19954|$ 19954|$ 19954|$ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):| $ 229,086 | $ 196201 | $ 214898 | $ 188,826 | $ 219,097 | $ 191,786 | $ 220941 | $ 193111 | $ 222060 | $ 193,929 | $ 223368 | $ 194,914

Total 15-year
Cost Savings: N/A 14.4% 6.2% 3.8% 4.4% 2.3% 3.6% 1.6% 3.1% 1.2% 2.5% 0.7%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment: N/A $  2419|% 207 $ 3221 $ 186 | $ 308|$ 1771$ 3021 $ 1711 $ 298| $ 165 $ 2.94
Approximate
Annual
Energy Cost
Savings: N/A $  2287|$  2756|$ 4589|$  2476|$  4392|$ 2353|$ 4303[$ 2279($ 4249($ 2101 ($ 4183

Figure 198: Simulation 28 Results
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Figure 199: Simulation 28 Total Zone-by-Zone Costs
5-Minute Time Delay for Occupancy Sensing
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Figure 200: Simulation 28 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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Figure 201: Simulation 28 Total Zone-by-Zone Costs
15-Minute Time Delay for Occupancy Sensing
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Figure 202: Simulation 28 Total Zone-by-Zone Costs
20-Minute Time Delay for Occupancy Sensing
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Figure 203: Simulation 28 Total Zone-by-Zone Costs
30-Minute Time Delay for Occupancy Sensing
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11.29 Simulation 29: Mixed Use Garage with “HIGH” Activity & Full Reporting

11.29.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type Mixed Use HIGH
Scheduling Occupancy Schedule Variance 1%
Transient Schedule Type Mixed Use HIGH
Transient Schedule Variance 1%
Total # Spaces 320
Parking Total # Floors 4
Garage # Occupancy Zones per Floor 10
Information Daylight Availability Poor
# Daylighted Zones per Floor 5
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 5
Control Delay T!me 2 10
System Delay T!me 3 15
Information TRl ime 2 20
Delay Time 5 30
Daylight Switching Cost $71
Notes Control system costs per controlled zone

Figure 204: Simulation 29 Input Variables
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11.29.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy
Sensor Delay
Time: - - 5.00 5.00 10.00 10.00 15.00 15.00 20.00 20.00 30.00 30.00
Daylight
Availability: 0 Moderate 0 Moderate 0 Moderate 0 Moderate 0 Moderate 0 Moderate

Average Zone
High Power
Time:| 8760:00:00| 7085:41:59 [ 4459:49:41 | 3472:03:00 | 4868:19:09 | 3821:30:04 | 5043:17:49 | 3976:30:44 | 5144:45:07 | 4068:29:20 | 5259:21:56 | 4174:45:20
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 4300:10:16 | 3614:18:07 | 3891:40:53 | 3264:51:01 | 3716:42:11 | 3109:50:23 [ 3615:14:54 | 3017:51:48 | 3500:38:07 | 2911:35:45

Average Zone
OFF Time:] 0:00:00 [ 1674:18:00 0:00:00 1673:38:53 0:00:00 1673:38:53 0:00:00 1673:38:53 0:00:00 1673:38:53 0:00:00 1673:38:53

Average %
Time at High
Power:| 100.0% 80.9% 50.9% 39.6% 55.6% 43.6% 57.6% 45.4% 58.7% 46.4% 60.0% 47.7%
Average %
Time at Low
Power:|  0.0% 0.0% 49.1% 41.3% 44.4% 37.3% 42.4% 35.5% 41.3% 34.5% 40.0% 33.2%
Average %
Time OFF:|  0.0% 19.1% 0.0% 19.1% 0.0% 19.1% 0.0% 19.1% 0.0% 19.1% 0.0% 19.1%

15-yr Energy
Cost:[ $147,152 | $ 112849 |$ 114503 [$ 86654 | $ 117966 |$ 89485|$ 119420 | $ 90,723 | $ 120242 |$ 91441 ($ 121145|$ 92,250

Lighting
Equipment
Cost:|$ 81,934 |$ 81934 [$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134|$ 89134|$ 89134[$ 89134[$ 89134
Daylighting
Control
Equipment
Cost:[ $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -19 1418 | $ -3 1418 [ $ -13 1,418
Occupancy
Control
Equipment
Cost:| $ -3 -|$ 10954|$ 19954|$ 19954|$ 19954 ($ 19954|$ 19954|$ 19954 ($ 10954 ($ 19954|$ 19,954

Total 15-yr
Cost (Initial +
NPV of
Energy):[ $229,086 | $ 196,201 | $ 223591 [ $ 197160 | $ 227,054 | $ 199,991 | $ 228508 | $ 201,229 | $ 229330 | $ 201,947 [ $ 230,233 | $ 202,756

Total 15-year
Cost Savings:]  N/A 14.4% 2.4% -0.5% 0.9% -1.9% 0.3% -2.6% -0.1% -2.9% -0.5% -3.3%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $  2419|% 164 $ 283 $ 146 [ $ 270 $ 139 $ 264 $ 135 $ 261($ 130 $ 257
Approximate
Annual
Energy Cost
Savings: N/A $ 2,287 $ 2177( $ 4033 [ $ 1946 | $ 3844 ($ 1849 | $ 3762 | $ 1,794 | $ 3714 ([ $ 17341 $ 3,660

Figure 205: Simulation 29 Results
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Figure 206: Simulation 29 Total Zone-by-Zone Costs
5-Minute Time Delay for Occupancy Sensing
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Figure 207: Simulation 29 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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Figure 208: Simulation 29 Total Zone-by-Zone Costs
15-Minute Time Delay for Occupancy Sensing
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Figure 209: Simulation 29 Total Zone-by-Zone Costs
20-Minute Time Delay for Occupancy Sensing
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Figure 210: Simulation 29 Total Zone-by-Zone Costs
30-Minute Time Delay for Occupancy Sensing
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11.30 Simulation 30: University Configuration 3

11.30.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type University 2
. Occupancy Schedule Variance 1%
Scheduling Transient Schedule Type University 3
Transient Schedule Variance 1%
Total # Spaces 100
Parking Total # Floors 2
Garage # Occupancy Zones per Floor 6
Information Daylight Availability Poor
# Daylighted Zones per Floor 3
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 10
Control Delay T!me 2 15
System Delay T!me 3 20
Information DelafRTime 7 25
Delay Time 5 30
Daylight Switching Cost $95
Notes Control system costs per controlled zone

Figure 211: Simulation 30 Input Variables
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11.30.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 5.00 5.00 10.00 10.00 15.00 15.00 20.00 20.00 30.00 30.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:|8760:00:00| 7633:12:02 | 3665:48:07 | 3064:33:16 | 5023:49:00 | 4212:28:29 | 5600:39:48 | 4696:10:29 | 5898:07:27 | 4940:07:59 | 6208:56:30 | 5190:39:58
Average Zone
Low Power
Time:| 0:00:00 0:00:00 5094:11:56 | 4569:16:59 [ 3736:11:00 | 3421:21:46 | 3159:20:12 | 2937:39:46 | 2861:52:36 | 2693:42:17 | 2551:03:33 | 2443:10:18

Average Zone
OFF Time:| 0:00:00 | 1126:48:00 0:00:00 1126:09:45 0:00:00 1126:09:45 0:00:00 1126:09:45 0:00:00 1126:09:45 0:00:00 1126:09:45

Average %
Time at High
Power:| 100.0% 87.1% 41.8% 35.0% 57.3% 48.1% 63.9% 53.6% 67.3% 56.4% 70.9% 59.3%
Average %
Time at Low
Power:|  0.0% 0.0% 58.2% 52.2% 42.7% 39.1% 36.1% 33.5% 32.7% 30.8% 29.1% 21.9%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[$ 44146 | $ 36922 |$ 31502($ 2597 |$ 34836 |$ 28677|$ 36304|$ 29791|$ 37036|$ 30347|$ 37806|$ 30918

Lighting
Equipment
Cost:|$ 24580 | $ 24580 [$ 26740 $ 26740|$ 26740|$ 26740 [$ 26740 $ 26740|$ 26740 |$ 26740 [$ 26740 [ $ 26,740
Daylighting
Control
Equipment
Cost:[ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -13 567
Occupancy
Control
Equipment
Cost:| $ -3 -1 s 5986 | $ 5086 | $ 5086 [ $ 5986 | $ 5986 | $ 5086 | $ 5086 [ $ 5986 [ $ 5986 | $ 5,986

Total 15-yr
Cost (Initial +
NPV of
Energy):[$ 68726 | $ 62070 | $ 64229 |$ 59261|$ 67613|$ 61970|$ 69031 |$ 63084|$ 69762|$ 63641|3$ 70532|$ 64211

Total 15-year
Cost Savings:]  N/A 9.7% 6.5% 4.5% 1.6% 0.2% -0.4% -1.6% -1.5% -2.5% -2.6% -3.5%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment: N/A $ 1274 [ $ 2111 $ 2771 8% 155| $ 236 $ 1311 $ 2191 $ 119 $ 211 | $ 106]$ 2.02
Approximate
Annual
Energy Cost
Savings: N/A $ 482 $ 8431 $ 1212 | $ 617 | $ 1,031 [ $ 523 $ 9571 $ 474 | $ 920 | $ 423 [ $ 882

Figure 212: Simulation 30 Results
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Figure 213: Simulation 30 Total Zone-by-Zone Costs
5-Minute Time Delay for Occupancy Sensing
120% A
115% A
110% e o= o= -
- an e
~

105% - -~

-~

00 R S S N N S S R N S S S N S S i Tt e

95%

90%

85%

80%

Total 15-Year Net Present Cost

75%

70%

65%

60% T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12

Zone Number

e Total 15-Year Cost - Daylighted Zones e= e Total 15-Year Cost - Non-Daylighted Zones
= - = Mean 15-Year Cost - Daylighted Zones — — Mean 15-Year Cost - Non-Daylighted Zones
++++e+ Total 15-Year Cost - "Uncontrolled” Baseline

Figure 214: Simulation 30 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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Figure 215: Simulation 30 Total Zone-by-Zone Costs
15-Minute Time Delay for Occupancy Sensing
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Figure 216: Simulation 30 Total Zone-by-Zone Costs
20-Minute Time Delay for Occupancy Sensing
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Figure 217: Simulation 30 Total Zone-by-Zone Costs
30-Minute Time Delay for Occupancy Sensing
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Figure 218: Simulation 30 Activity at Garage Mid-Point Compared to
Activity Curve from Pilot Programs
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11.31 Simulation 31: University Configuration 4
11.31.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type University 2
. Occupancy Schedule Variance 1%
Scheduling Transient Schedule Type University 4
Transient Schedule Variance 1%
Total # Spaces 100
Parking Total # Floors 2
Garage # Occupancy Zones per Floor 6
Information Daylight Availability Poor
# Daylighted Zones per Floor 3
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 10
Control Delay T!me 2 15
System Delay T!me 3 20
Information DElaRT ime 1 25
Delay Time 5 30
Daylight Switching Cost $95
Notes Control system costs per controlled zone

Figure 219: Simulation 31 Input Variables
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11.31.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 5.00 5.00 10.00 10.00 15.00 15.00 20.00 20.00 30.00 30.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:12:02 [ 3053:40:08 | 2480:07:42 | 4375:36:53 | 3621:25:19 | 5039:42:36 | 4217:29:34 | 5422:24:58 | 4566:46:31 [ 5836:56:10 | 4942:44:39
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 5706:19:52 | 5153:42:03 | 4384:23:09 | 4012:24:25 | 3720:17:23 | 3416:20:12 | 3337:35:01 | 3067:03:15 | 2923:03:50 | 2691:05:07

Average Zone
OFF Time:| 0:00:00 | 1126:48:00 0:00:00 1126:10:15 0:00:00 1126:10:15 0:00:00 1126:10:15 0:00:00 1126:10:15 0:00:00 1126:10:15

Average %
Time at High
Power:| 100.0% 87.1% 34.9% 28.3% 49.9% 41.3% 57.5% 48.1% 61.9% 52.1% 66.6% 56.4%
Average %
Time at Low
Power:|  0.0% 0.0% 65.1% 58.8% 50.1% 45.8% 42.5% 39.0% 38.1% 35.0% 33.4% 30.7%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[$ 44146 | $ 36922|$ 30279 [$ 24812|$ 33611|$ 27575|$ 35206|$ 28959|$ 36101 |$ 29750 (% 37064|$ 30592

Lighting
Equipment
Cost:|$ 24580 | $ 24580 [$ 26740 $ 26740|$ 26740|$ 26740 [$ 26740 $ 26740|$ 26740 |$ 26740 [$ 26740 [ $ 26,740
Daylighting
Control
Equipment
Cost:[ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -13 567
Occupancy
Control
Equipment
Cost:| $ -3 -1 s 5986 | $ 5086 | $ 5086 [ $ 5986 | $ 5986 | $ 5086 | $ 5086 [ $ 5986 [ $ 5986 | $ 5,986

Total 15-yr
Cost (Initial +
NPV of
Energy):[$ 68726 |$ 62070 | $ 63006 | $ 58106 [($ 66338 |$ 60869 |$ 67932|$% 62253[$ 68827 |$ 63044|$ 69790 | $ 63885

Total 15-year
Cost Savings:]  N/A 9.7% 8.3% 6.4% 3.5% 1.9% 1.2% -0.3% -0.1% -1.6% -1.5% -2.9%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 12741 % 232($ 295 $ 176 [ $ 253([$ 149 $ 232($ 134($ 220 $ 118 $ 2.07
Approximate
Annual
Energy Cost
Savings: N/A $ 482 $ 9241 $ 1,289 | $ 702 $ 1,105 [ $ 5% | $ 1012 | $ 536 | $ 960 | $ 472 $ 904

Figure 220: Simulation 31 Results
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Figure 221: Simulation 31 Total Zone-by-Zone Costs
5-Minute Time Delay for Occupancy Sensing
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Figure 222: Simulation 31 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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Figure 223: Simulation 31 Total Zone-by-Zone Costs
15-Minute Time Delay for Occupancy Sensing
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Figure 224: Simulation 31 Total Zone-by-Zone Costs
20-Minute Time Delay for Occupancy Sensing
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Figure 225: Simulation 31 Total Zone-by-Zone Costs
30-Minute Time Delay for Occupancy Sensing
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Figure 226: Simulation 31 Activity at Garage Mid-Point Compared to
Activity Curve from Pilot Programs
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11.32 Simulation 32: University Configuration 5

11.32.1 Simulation Inputs
PARAMETER INPUT VALUE
Occupancy Schedule Type University 2
. Occupancy Schedule Variance 1%
Scheduling Transient Schedule Type University 5
Transient Schedule Variance 1%
Total # Spaces 100
Parking Total # Floors 2
Garage # Occupancy Zones per Floor 6
Information Daylight Availability Poor
# Daylighted Zones per Floor 3
Luminaire Description 4' (2) T8 Striplight with Wireguard, Bi-Level Ballast
Uncontrolled Luminaire Total Unit Cost $512
Controlled Luminaire Total Unit Cost $557
Luminaire High Power 54
Information Low Power 27
OC Spacing E-W 22
OC Spacing N-S 21
# Luminaires per Control Zone 4
Occupancy Sensing Cost $499
Delay Time 1 10
Control Delay T?me 2 15
System Delay T!me 3 20
Information Delayqgie 4 25
Delay Time 5 30
Daylight Switching Cost $95
Notes Control system costs per controlled zone

Figure 227: Simulation 32 Input Variables
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11.32.2 Simulation Results

Cs1 Cs2 Cs3 Cs4 Cs5
Daylighting No With No With No With No With No With
Baseline Only Daylighting | Daylighting [ Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting | Daylighting

Occupancy

Sensor Delay
Time: - - 5.00 5.00 10.00 10.00 15.00 15.00 20.00 20.00 30.00 30.00

Daylight
Availability: 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor 0 Poor

Average Zone
High Power
Time:| 8760:00:00| 7633:12:02 [ 3315:59:42 | 2752:47:41 | 4655:53:56 | 3910:14:44 | 5294:22:34 | 4474:29:44 | 5648:43:23 | 4789:37:28 | 6017:36:23 | 5114:44:15
Average Zone
Low Power
Time:[ 0:00:00 0:00:00 5444:00:19 | 4881:.01:03 | 4104:06:04 | 3723:34:02 | 3465:37:28 | 3159:19:02 | 3111:16:37 | 2844:11:20 | 2742:23:37 | 2519:04:30

Average Zone
OFF Time:| 0:00:00 | 1126:48:00 0:00:00 1126:11:15 0:00:00 1126:11:15 0:00:00 1126:11:15 0:00:00 1126:11:15 0:00:00 1126:11:15

Average %
Time at High
Power:| 100.0% 87.1% 37.9% 31.4% 53.1% 44.6% 60.4% 51.1% 64.5% 54.7% 68.7% 58.4%
Average %
Time at Low
Power:|  0.0% 0.0% 62.1% 55.7% 46.9% 42.5% 39.6% 36.1% 35.5% 32.5% 31.3% 28.8%
Average %
Time OFF:|  0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9% 0.0% 12.9%

15-yr Energy
Cost:[$ 44146 | $ 36922|$ 30857 [$ 25433|$ 34211|$ 28205($ 35740|$ 29499|$ 36574|$ 30209($ 37445|$ 30944

Lighting
Equipment
Cost:|$ 24580 | $ 24580 [$ 26740 $ 26740|$ 26740|$ 26740 [$ 26740 $ 26740|$ 26740 |$ 26740 [$ 26740 [ $ 26,740
Daylighting
Control
Equipment
Cost:[ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -19 567 [ $ -3 567 [ $ -13 567
Occupancy
Control
Equipment
Cost:| $ -3 -1 s 5986 | $ 5086 | $ 5086 [ $ 5986 | $ 5986 | $ 5086 | $ 5086 [ $ 5986 [ $ 5986 | $ 5,986

Total 15-yr
Cost (Initial +
NPV of
Energy):[$ 68726 | $ 62070 | $ 63583 |$ 58727|$ 66937|$ 61499 |$ 68466| 3% 62793|$ 69300]|$ 63503|$ 70172|$ 64,237

Total 15-year
Cost Savings:]  N/A 9.7% 7.5% 5.4% 2.6% 0.9% 0.4% -1.2% -0.8% -2.3% -2.1% -3.5%

Total 15-year
Energy Cost
Savings per
Dollar of
Investment:[ N/A $ 12741 % 222 $ 286 $ 166 [ $ 243 $ 140 $ 223($ 126 [ $ 213 ([ $ 112 $ 2.01
Approximate
Annual
Energy Cost
Savings: N/A $ 482 $ 886 | $ 12471 $ 662 | $ 1,063 [ $ 560 | $ 976 | $ 505 | $ 929 | $ 471 $ 880

Figure 228: Simulation 32 Results
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Figure 229: Simulation 32 Total Zone-by-Zone Costs
5-Minute Time Delay for Occupancy Sensing
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Figure 230: Simulation 32 Total Zone-by-Zone Costs
10-Minute Time Delay for Occupancy Sensing
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Figure 231: Simulation 32 Total Zone-by-Zone Costs
15-Minute Time Delay for Occupancy Sensing
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Figure 232: Simulation 32 Total Zone-by-Zone Costs
20-Minute Time Delay for Occupancy Sensing
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Figure 233: Simulation 32 Total Zone-by-Zone Costs
30-Minute Time Delay for Occupancy Sensing
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Figure 234: Simulation 32 Activity at Garage Mid-Point Compared to
Activity Curve from Pilot Programs
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11.33 Simulation Results Analysis: Fraction of Each Floor Daylighted

Comparing simulations 1, 2 and 3.
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Figure 235: Impact of the Percentage of Each Floor with Access to Daylight
Baseline Fluorescent Lighting System
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11.34 Simulation Results Analysis: Daylight Availability

Comparing simulations 1, 4 and 5.
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Figure 236 Zone-by-Zone Total Relative 15-Year Cost showing Impact of Daylight Availability
1-Minute Time Delay for Occupancy Sensing
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Figure 237: Total Garage Relative 15-Year Cost showing Impact of Daylight Availability
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11.35 Simulation Results Analysis: Source Type

Comparing simulations 1, 6, 7 and 8.
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Figure 238: Electric Light Source Technology TDV Cost Comparison
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11.36 Simulation Results Analysis: Transportation Garage Activity Levels

Comparing simulations 11, 12 and 13.

Occupancy Sensor Delay Time

Activity Lewvel| 1 25 5 7.5 10
High 85% | 91% | 94% [ 95% [ 96%
Medium 80% | 83% | 85% [ 86% [ 87%
Low 78% | 79% | 81% [ 81% [ 82%

Figure 239: Total Garage Relative 15-Year Cost showing Impact of Activity Level
and Including Daylighting Control for Transportation Garage
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Figure 240: Zone-By-Zone Relative 15-Year Cost showing Impact of Activity Level on

Daylighted Zones for Transportation Garage
1-Minute Time Delay for Occupancy Sensing
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Occupancy Sensor Delay Time

Activity Lewvel| 1 25 5 7.5 10
High 92% | 99% | 102% | 104% [ 105%
Medium 86% | 90% [ 92% | 93% | 94%
Low 83% | 85% | 87% [ 87% [ 88%

Figure 241: Total Garage Relative 15-Year Cost showing Impact of Activity Level
and Without Daylighting Control for Transportation Garage
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Figure 242: Zone-By-Zone Relative 15-Year Cost showing Impact of Activity Level on

Non-Daylighted Zones for Transportation Garage
1-Minute Time Delay for Occupancy Sensing
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11.37 Simulation Results Analysis: Office Park Garage Activity Levels

Comparing simulations 11, 12 and 13.

Occupancy Sensor Delay Time

Activity Lewel 1 2.5 5 7.5 10
High 81% | 84% | 86% | 87% | 88%
Medium 79% | 81% | 83% [ 84% [ 84%
Low 77% | 79% | 80% [ 81% [ 82%

Figure 243: Total Garage Relative 15-Year Cost showing Impact of Activity Level and With
Daylighting Control for Office Park Garage
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Figure 244: Zone-By-Zone Relative 15-Year Cost showing Impact of Activity Level on

Daylighted Zones for Office Park Garage
1-Minute Time Delay for Occupancy Sensing
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Occupancy Sensor Delay Time

Activity Lewel 1 2.5 5 7.5 10
High 87% | 91% | 94% | 95% | 96%
Medium 85% | 88% | 90% | 91% | 92%
Low 82% | 84% | 86% | 87% | 88%

Figure 245: Total Garage Relative 15-Year Cost showing Impact of Activity Level and Without

Daylighting Control for Office Park Garage
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Figure 246: Zone-By-Zone Relative 15-Year Cost showing Impact of Activity Level on

Non-Daylighted Zones for Office Park Garage
1-Minute Time Delay for Occupancy Sensing
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11.38 Simulation Results Analysis: Mixed Use Garage Activity Levels

Comparing simulations 14, 15 and 16.

Occupancy Sensor Delay Time

Activity Level] 1 2.5 5 7.5 10
High 84% | 88% | 90% [ 90% [ 91%
Medium 82% | 85% | 86% [ 87% [ 88%
Low 79% | 82% | 83% | 84% [ 84%

Figure 247: Total Garage Relative 15-Year Cost showing Impact of Activity Level and With
Daylighting Control for Mixed Use Garage
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Figure 248: Zone-By-Zone Relative 15-Year Cost showing Impact of Activity Level on

Daylighted Zones for Office Park Garage
1-Minute Time Delay for Occupancy Sensing
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Occupancy Sensor Delay Time

Activity Lewvel| 1 25 5 7.5 10
High 91% | 95% | 98% [ 99% [ 99%
Medium 88% | 92% [ 94% | 94% | 95%
Low 85% | 88% | 90% [ 90% [ 91%

Figure 249: Total Garage Relative 15-Year Cost showing Impact of Activity Level and Without

Daylighting Control for Mixed Use Garage
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Figure 250: Zone-By-Zone Relative 15-Year Cost showing Impact of Activity Level on

Non-Daylighted Zones for Mixed Garage
1-Minute Time Delay for Occupancy Sensing
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11.39 Simulation Results Analysis: Occupancy Sensor Delay Time
Comparing simulations 11, 14, 20, 21, 28 and 29.

PROFILE OCCUPANCY SENSOR DELAY TIME

TYPE 1 25 5 75 10 15 20 30
Office Park 87% 91% 94% 95% 96% 96% 97% 98%
Mixed Use 91% 95% 98% 99% 99% 100% 100% 101%
Transportation 92% 99% 102% 104% 105% 106% 106% 107%

Figure 251: Total Garage Relative 15-Year Cost for Three Profile Types at '"HIGH" Activity
Level as a Function of Occupancy Sensor Delay Time
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Figure 252: Total Garage Relative 15-Year Cost for Three Profile Types at "HIGH" Activity
Level as a Function of Occupancy Sensor Delay Time
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Figure 253: Zone-by-Zone Total Relative 15-Year Cost Including Impact of Daylighting based

on 'HIGH" Transportation Occupancy Profile and Fluorescent Lighting System
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Figure 254: Zone-by-Zone Total Relative 15-Year Cost Without Impact of Daylighting based on
'HIGH' Transportation Occupancy Profile and Fluorescent Lighting System

Occupancy Sensor With Without
Delay Time Daylighting | Daylighting

Daylighting Only 90% N/A
1 85% 92%

2.5 91% 99%

5 94% 102%

7.5 95% 104%

10 96% 105%

15 97% 106%

20 97% 106%

25 98% 107%

30 98% 107%

Figure 255: Total Garage Relative 15-Year Cost based on '"HIGH' Transportation Occupancy
Profile and Fluorescent Lighting System
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Figure 256: Zone-by-Zone Total Relative 15-Year Cost Including Impact of Daylighting based
on "HIGH"* Office Park Occupancy Profile and Fluorescent Lighting System
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Figure 257: Zone-by-Zone Total Relative 15-Year Cost Without Impact of Daylighting based on
"HIGH" Office Park Occupancy Profile and Fluorescent Lighting System

Occupancy
Sensor Delay With Without
Time Daylighting | Daylighting
Daylighting Only 86% N/A
5 82% 94%
10 84% 96%
15 84% 96%
20 85% 97%
30 85% 98%

Figure 258: Total Garage Relative 15-Year Cost based on "HIGH" Office Park Occupancy
Profile and Fluorescent Lighting System
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Figure 259: Zone-by-Zone Total Relative 15-Year Cost Including Impact of Daylighting based
on 'HIGH" Mixed Use Occupancy Profile and Fluorescent Lighting System
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Figure 260: Zone-by-Zone Total Relative 15-Year Cost Without Impact of Daylighting based on
'HIGH" Mixed Use Occupancy Profile and Fluorescent Lighting System

Occupancy
Sensor Delay With Without
Time Daylighting | Daylighting
Daylighting Only 86% N/A
5 86% 98%
10 87% 99%
15 88% 100%
20 88% 100%
30 89% 101%

Figure 261: Total Garage Relative 15-Year Cost based on ‘HIGH" Mixed Use Occupancy Profile
and Fluorescent Lighting System
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12. Appendix H: Occupancy Profiles Documentation
12.1 Office Park Parking Garage Profiles
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Figure 262: Office Park Garage Weekday Occupancy Profiles
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Figure 263: Office Park Garage Saturday Occupancy Profiles
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Figure 264: Office Park Garage Sunday Occupancy Profiles

WEEKDAYS SATURDAY SUNDAY

Low Medium High Low Medium High Low Medium High
0:00 0% 10% 15% 0% 3% 5% 0% 3% 5%
1:.00 0% 10% 15% 0% 3% 5% 0% 3% 5%
2:00 0% 10% 15% 0% 3% 5% 0% 3% 5%
3:00 0% 10% 15% 0% 3% 5% 0% 3% 5%
4:00 0% 10% 15% 0% 3% 5% 0% 3% 5%
5:00 5% 10% 20% 5% 8% 10% 3% 3% 10%
6:00 5% 20% 30% 5% 12% 20% 3% 8% 15%
700  15% 30% 40% 5% 17% 30% 3% 10% 20%
8:00]  40% 50% 60% 10% 22% 40% 5% 15% 25%
9:00]  40% 70% 85% 10% 25% 40% 5% 20% 25%
10:00]  40% 70% 85% 15% 25% 40% 10% 20% 25%
11:00]  40% 70% 85% 15% 25% 40% 10% 20% 25%
12:00] 35% 60% 80% 15% 25% 40% 10% 20% 25%
13:00]  40% 70% 85% 15% 25% 40% 10% 20% 25%
14:00]  40% 70% 85% 10% 25% 40% 5% 20% 25%
15:00]  40% 70% 85% 10% 22% 40% 5% 20% 25%
16:00]  40% 70% 85% 10% 20% 40% 5% 15% 25%
17:00] 35% 70% 85% 10% 15% 30% 5% 10% 20%
18:00] 20% 40% 60% 5% 12% 20% 3% 8% 15%
19:00]  10% 20% 35% 1% 8% 10% 1% 3% 10%
20:00 5% 10% 20% 1% 3% 5% 1% 3% 5%
21:00 5% 10% 20% 0% 3% 5% 0% 3% 5%
22:00 2% 10% 15% 0% 3% 5% 0% 3% 5%
23:00 1% 10% 15% 0% 3% 5% 0% 3% 5%

Figure 265: Hourly Occupancy Level as a Percentage of Garage Capacity for Office Park
Garages Based on Activity Level
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Figure 266: Office Park Garage Transient Profiles

Low Medium High
0:00 1% 2% 3%
1:00 1% 2% 3%
2:00 1% 2% 3%
3:00 1% 2% 3%
4:00 1% 2% 3%
5:00 1% 2% 3%
6:00 1% 2% 3%
7:00 3% 5% %
8:00 3% 5% 7%
9:00 2% 4% 5%
10:00 2% 4% 5%
11:00 2% 4% 5%
12:00 3% 5% 10%
13:00 3% 5% 10%
14:00 2% 4% 5%
15:00 2% 4% 5%
16:00 2% 4% 5%
17:00 3% 5% %
18:00 3% 5% %
19:00 2% 4% 5%
20:00 1% 2% 3%
21:00 1% 2% 3%
22:00 1% 2% 3%
23:00 1% 2% 3%

Figure 267: Hourly Transient Activity as a Percentage of Garage Capacity for Office Park
Garages Based on Activity Level
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12.2 Mixed-Use Garage Profiles
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Figure 268: Mixed Use Garage Weekday Occupancy Profiles
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Figure 269: Mixed Use Garage Saturday Occupancy Profiles
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Figure 270: Mixed Use Sunday Occupancy Profiles

WEEKDAYS SATURDAY SUNDAY

Low Medium High Low Medium High Low Medium High
0:00 20% 25% 30% 30% 40% 50% 20% 30% 35%
1:00 10% 15% 20% 15% 20% 30% 10% 15% 20%
2:00 5% 8% 10% 5% 10% 10% 5% 10% 10%
3:00 5% 8% 10% 5% 5% 5% 5% 5% 5%
4:00 5% 8% 10% 5% 5% 5% 5% 5% 5%
5:00 5% 8% 10% 5% 5% 5% 5% 5% 5%
6:00 5% 15% 20% 5% 10% 10% 5% 5% 5%
7:00 15% 30% 40% 5% 10% 20% 5% 10% 10%
8:00] 40% 50% 70% % 20% 30% 7% 20% 20%
9:00 40% 50% 80% 10% 20% 30% 10% 20% 25%
10:00]  40% 50% 80% 20% 20% 30% 15% 20% 25%
11:.00] 35% 45% 80% 25% 30% 40% 20% 30% 35%
12:00 35% 45% 70% 30% 40% 40% 25% 30% 35%
13:00]  40% 50% 80% 30% 40% 40% 25% 30% 35%
14:.00]  40% 60% 80% 25% 30% 30% 20% 25% 30%
15:00 50% 70% 80% 25% 30% 30% 20% 25% 30%
16:00] 50% 70% 80% 25% 30% 40% 25% 30% 40%
17:.00] 40% 70% 80% 25% 30% 40% 25% 30% 40%
18:00 40% 70% 80% 30% 40% 50% 30% 40% 50%
19:00] 45% 70% 80% 40% 50% 60% 40% 50% 60%
20:00] 45% 70% 80% 40% 50% 70% 40% 50% 65%
2100 50% 60% 80% 50% 60% 70% 40% 50% 65%
22:000  40% 50% 60% 50% 60% 70% 40% 50% 65%
23:00] 30% 35% 40% 50% 60% 70% 40% 50% 65%

Figure 271: Hourly Occupancy Level as a Percentage of Garage Capacity for Mixed Use
Garages Based on Activity Level
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Figure 272: Mixed Use Garage Transient Profiles
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Figure 273: Hourly Transient Activity as a Percentage of Garage Capacity for Mixed Use
Garages Based on Activity Level
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12.3 Transportation Garage Profiles
Note that for the Transportation facility type, a single occupancy profile was applied to all days.
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Figure 274: Transportation Garage Daily Occupancy Profiles
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Low Medium High
0:00] 10% 30% 60%
1:00] 10% 30% 60%
2:00] 10% 30% 50%
3:00]  10% 30% 50%
4:000 10% 30% 50%
5:00 10% 40% 50%
6:00] 10% 40% 60%
7:00]  20% 40% 70%
8:00] 30% 40% 80%
9:00f 30% 50% 90%
10:00]  30% 50% 90%
11:00]  30% 50% 90%
12:00] 30% 50% 90%
13:00]  30% 50% 90%
14:00]  30% 50% 90%
15:00]  30% 50% 90%
16:00]  30% 50% 90%
17:00] 30% 50% 90%
18:00] 30% 50% 90%
19:00]  30% 50% 80%
20:00] 30% 50% 80%
21:00]  20% 40% 70%
22:00]  20% 40% 60%
23:00] 10% 30% 60%

Figure 275: Hourly Occupancy Level as a Percentage of Garage Capacity for Transportation
Garages Based on Activity Level

12%
10% // \\
/ 7 ~ N
/ ’ -— o ,.-....... LR NN RN RN R NN NN NN .0..\ \ \
6% / / . o e N \
// 7 RN N
, 7 - TN N

4% - e S

2%

0%

PSS TSI TLTLLL L L LSS S
NN SEENZEENCEIEN SENCHIEN BN SN RN B R SR A

ceseee LOW = = Medium High

Figure 276: Transportation Garage Transient Profiles
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Figure 277: Hourly Transient Activity as a Percentage of Garage Capacity for Transportation

Garages Based on Activity Level

12.4 *Bust™ Configuration Profiles

The "Bust" garage profiles were created to demonstrate a very high level of activity throughout the
day as an attempt to determine the limits of cost-effectiveness of occupancy-based lighting controls.
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Figure 278: ""Bust" Analysis Occupancy Profiles

Bust1 Bust 2
0:00 20% 50%
1:00 25% 50%
2:00 30% 40%
3:00 35% 40%
4:00 40% 40%
5:00 45% 40%
6:00 50% 50%
7:00 55% 60%
8:00 60% 70%
9:00 65% 80%
10:00 70% 90%
11:00 75% 90%
12:00 80% 90%
13:00 85% 90%
14:00 90% 90%
15:00 85% 90%
16:00 80% 90%
17:00 75% 90%
18:00 70% 90%
19:00 65% 80%
20:00 60% 70%
21:00 55% 60%
22:00 50% 50%
23:00 45% 50%

Figure 279: Hourly Occupancy Level as a Percentage of Garage Capacity for ""Bust'* Profiles
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Figure 280: ""Bust" Analysis Transient Profiles

Bust1 Bust 2
0:00 15% 8%
1:00 14% 8%
2:00 13% 8%
3:00 12% 8%
4:00 11% 8%
5:00 10% 9%
6:00 10% 10%
7:00 10% 11%
8:00 10% 11%
9:00 10% 11%
10:00 10% 13%
11:00 10% 15%
12:00 10% 15%
13:00 10% 15%
14:00 10% 15%
15:00 10% 15%
16:00 10% 15%
17:00 10% 15%
18:00 10% 15%
19:00 11% 15%
20:00 12% 11%
21:00 13% 9%
22:00 14% 8%
23:00 15% 8%

Figure 281: Hourly Transient Activity as a Percentage of Garage Capacity for "Bust™ Profiles
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12.5 University Garage Profiles
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Figure 282: University Analysis Occupancy Profiles
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Figure 283: Hourly Occupancy Level as a Percentage of Garage Capacity for University
Occupancy Profiles
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Figure 284: University Analysis Weekday Transient Profiles
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Figure 285: University Analysis Weekend Day Transient Profiles
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WEEKDAYS WEEKDEND DAYS
University 1|University 2| University 3| University 4| University 5] University 1| University 2| University 3| University 4 | University 5
0:00 4% 8% 6% 4% 4% 3% 6% 6% 3% 3%
1:00 3% 6% 6% 3% 4% 2% 4% 6% 2% 3%
2:00 3% 6% 6% 3% 4% 2% 4% 6% 2% 3%
3:00 3% 6% 6% 3% 4% 2% 4% 6% 2% 3%
4:00 3% 6% 6% 3% 4% 2% 4% 6% 2% 3%
5:00 3% 6% 6% 3% 4% 2% 4% 6% 2% 3%
6:00 4% 8% 6% 4% 4% 3% 6% 6% 3% 3%
7:00 % 14% % % % 6% 12% % 5% 6%
8:00 8% 16% 8% 8% 9% % 14% 8% 7% 8%
9:00 9% 18% 9% 9% 10% % 14% 9% 7% 8%
10:00 9% 18% 9% 9% 10% % 14% 9% % 8%
11:00 9% 18% 9% 9% 10% % 14% 9% % 8%
12:00 9% 18% 9% 9% 10% % 14% 9% 7% 8%
13:00 8% 16% 9% 9% 9% % 14% 9% 7% 8%
14:00 8% 16% 9% 9% 9% % 14% 9% % 8%
15:00 8% 16% 9% 9% 9% % 14% 9% 7% 8%
16:00 8% 16% 9% 9% 8% 7% 14% 9% 7% 8%
17:00 % 14% 8% 8% 8% 6% 12% 8% 6% 7%
18:00 % 14% 8% 8% 8% 6% 12% 8% 6% %
19:00 7% 14% 8% % 8% 6% 12% 8% 5% 6%
20:00 6% 12% % 6% 7% 5% 10% % 4% 6%
21:00 6% 12% % 6% % 5% 10% % 4% 5%
22:00 5% 10% 6% 5% 6% 4% 8% 6% 3% 4%
23:00 3% 6% 6% 4% 5% 2% 4% 6% 3% 3%
Figure 286: Hourly Transient Activity as Percentage of Garage Capacity for University Profiles
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13. Appendix I: Electrical Cost Estimating

13.1 Initial Costs
Luminaire Installation Costs
Luminaire |Total Length Power TOTAL
Run Luminaires | Luminaire | Installation |of Conduit & | Conduit& |[COST PER
Number Run Name per Zone | Unit Cost Cost Wiring |Wiring Cost| ZONE Notes

1 BASELINE 4 $ 105 | $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

2 80% Daylighted 4 $ 105 $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

3 20% Daylighted 4 $ 105| $ 100 83 $ 908 [ $ 1,728 [Includes adder for bi-level ballast

4 Moderate Daylight 4 $ 1051 $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

5 Good Daylight 4 $ 105| $ 100 83 $ 908 [ $ 1,728 [Includes adder for bi-level ballast
Does not include adder for integral
sensor - Included under

6 LED 1 $ 1502 ($ 100 46 $ 501 | $ 2,103 |"Occupancy Sensor Costs"

7 HID 2 $ 526 | $ 100 43 $ 469 | $ 1,721 |Includes adder for bi-level ballast

8 Induction 2 $ 510 | $ 100 46 $ 501 | $ 1,721 [Includes adder for bi-level driver

9 Medium Occupancy 24/7 4 $ 105 $ 100 83 $ 908 [ $ 1,728 |Includes adder for bi-level ballast

10 Low Occupancy 24/7 4 $ 105| $ 100 83 $ 908 [ $ 1,728 [Includes adder for bi-level ballast

11 Office High Occupancy 4 $ 105 | $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

12 Office Medium Occupancy 4 $ 105| $ 100 83 $ 908 [ $ 1,728 [Includes adder for bi-level ballast

13 Office Low Occupancy 4 $ 105| $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

14 Mixed Use High Occupancy 4 $ 105| $ 100 83 $ 908 [ $ 1,728 [Includes adder for bi-level ballast

15 Mixed Use Medium Occupancy 4 $ 15| $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

16 Mixed Use Low Occupancy 4 $ 105 $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

17 Baseline @ 0.2 W/sf 6 $ 105 | $ 100 125 $ 1,363 $ 2593 |Includes adder for bi-level ballast

18 University 4 $ 105 $ 100 83 $ 908 [ $ 1,728 |Includes adder for bi-level ballast

19 Bust 4 $ 105 | $ 100 83 $ 908 [ $ 1,728 [Includes adder for bi-level ballast

20 Baseline 2 (With Reporting) 4 $ 1051 $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

21 Baseline 3 (With Reporting) 4 $ 105| $ 100 83 $ 908 [ $ 1,728 [Includes adder for bi-level ballast

22 Bust 2 4 $ 105] $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

23 University 2 4 $ 105| $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast
Does not include adder for integral
sensor - Included under

24 LED 2 1 $ 15021]$ 100 46 $ 501 [ $ 2,103 ["Occupancy Sensor Costs"

Does not include adder for integral
sensor - Included under

25 LED 3 1 $ 1502 (% 100 46 $ 501 ] $ 2,103 |"Occupancy Sensor Costs"

26 Office Medium Bracket FL 4 $ 105 | $ 100 83 $ 908 [ $ 1,728 [Includes adder for bi-level ballast
Does not include adder for integral
sensor - Included under

27 Office Medium Bracket LED 1 $ 1502|$ 100 46 $ 501 [ $ 2,103 ["Occupancy Sensor Costs"

28 Office High Bracket FL 4 $ 105 $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

29 Mixed Use High Bracket FL 4 $ 105 | $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

30 University 3 4 $ 1051 $ 100 83 $ 908 | $ 1,728 [Includes adder for bi-level ballast

31 University 3 4 $ 105 | $ 100 83 $ 908 [ $ 1,728 [Includes adder for bi-level ballast

32 University 3 4 $ 105 | $ 100 83 $ 908 [ $ 1,728 |Includes adder for bi-level ballast

Figure 287: Initial Costs for *Controlled’ Lighting Equipment
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Luminaire Installation Costs
Luminaire |Total Length Power TOTAL
Run Luminaires [ Luminaire | Installation |of Conduit &| Conduit& |COST PER
Number Run Name per Zone | Unit Cost Cost Wiring [Wiring Cost| ZONE Notes
1 BASELINE 4 $ 60| $ 100 83 $ 908 | $ 1,548
2 80% Daylighted 4 $ 60| $ 100 83 $ 908 | $ 1,548
3 20% Daylighted 4 $ 60| $ 100 83 $ 908 | $ 1548
4 Moderate Daylight 4 $ 60| $ 100 83 $ 908 | $ 1548
5 Good Daylight 4 $ 60| $ 100 83 $ 908 [$ 1548
6 LED 1 $ 1502]$ 100 46 $ 501($ 2103
7 HID 2 $ 326 | $ 100 43 $ 469 [ $ 1,321
8 Induction 2 $ 4251 $ 100 46 $ 501($ 1551
9 Medium Occupancy 24/7 4 $ 60| $ 100 83 $ 908 [ $ 1548
10 Low Occupancy 24/7 4 $ 60| $ 100 83 $ 908 [$ 1548
11 Office High Occupancy 4 $ 60| $ 100 83 $ 908 | $ 1548
12 Office Medium Occupancy 4 $ 60| $ 100 83 $ 908 [$ 1548
13 Office Low Occupancy 4 $ 60| $ 100 83 $ 908 | $ 1548
14 Mixed Use High Occupancy 4 $ 60| $ 100 83 $ 908 [ $ 1548
15 Mixed Use Medium Occupancy 4 $ 60| $ 100 83 $ 908 | $ 1548
16 Mixed Use Low Occupancy 4 $ 60| $ 100 83 $ 908 | $ 1548
17 Baseline @ 0.2 W/sf 6 $ 60 [ $ 100 125 $ 1363|$ 2,323
18 University 4 $ 60| $ 100 83 $ 08| $ 1548
19 Bust 4 $ 60| $ 100 83 $ 908 [$ 1548
20 Baseline 2 (With Reporting) 4 $ 60 [$ 100 83 $ 908 [$ 1548
21 Baseline 3 (With Reporting) 4 $ 60| $ 100 83 $ 908 [ $ 1548
22 Bust 2 4 $ 60| $ 100 83 $ 908 | $ 1,548
23 University 2 4 $ 60| $ 100 83 $ 908 | $ 1,548
24 LED 2 1 $ 1502($% 100 46 $ 501($ 2103
25 LED 3 1 $ 1502]$ 100 46 $ 501 ($ 2103
26 Office Medium Bracket FL 4 $ 60 [ $ 100 83 $ 908 | $ 1548
27 Office Medium Bracket LED 1 $ 1502($% 100 46 $ 501($ 2103
28 Office High Bracket FL 4 $ 60| $ 100 83 $ 908 | $ 1,548
29 Mixed Use High Bracket FL 4 $ 60| $ 100 83 $ 908 [ $ 1548
30 University 3 4 $ 60| $ 100 83 $ 908 | $ 1,548
31 University 3 4 $ 60| $ 100 83 $ 908 [ $ 1548
32 University 3 4 $ 60 | $ 100 83 $ 908 [ $ 1,548
Figure 288: Initial Costs for "Uncontrolled’ Lighting Equipment
2013 California Building Energy Efficiency Standards [February 2011]
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Occupancy Sensors Installation Costs

Total
Occupancy| Lengthof |Total Length
Occupancy | Sensor Power of Sensor Sensor TOTAL
Run Sensor Unit| Installation| Conduit& | Conduit& [ Conduit& [COST PER
Number Run Name Cost Cost Wiring Wiring [Wiring Cost| ZONE Notes
1 BASELINE $ 128($ 100 11 76 $ 238 $ 466
2 80% Daylighted $ 128[$ 100 11 76 $ 2381 $ 466
3 20% Daylighted $ 128 | $ 100 11 76 $ 238 % 466
4 Moderate Daylight $ 1281 $ 100 11 76 $ 238 $ 466
5 Good Daylight $ 128[$ 100 11 76 $ 2381 $ 466
6 LED $ 328 % - 0 32 $ 50| $ 378 |Integral
7 HID $ 128[$ 100 0 43 $ 67($% 295
Cost included in 'Controlled

8 Induction $ -1 $ - 0 0 $ -1$ - |Luminaire cost
9 Medium Occupancy 24/7 $ 1281 $ 100 11 76 $ 238 $ 466
10 Low Occupancy 24/7 $ 128[$ 100 11 76 $ 2381 $ 466
11 Office High Occupancy $ 128 | $ 100 11 76 $ 238 % 466
12 Office Medium Occupancy $ 128($ 100 11 76 $ 2381 $ 466
13 Office Low Occupancy $ 128[$ 100 11 76 $ 2381 $ 466
14 Mixed Use High Occupancy | $ 128 | $ 100 11 76 $ 238 $ 466
15 Mixed Use Medium Occupancy | $ 128($ 100 11 76 $ 2381 $ 466
16 Mixed Use Low Occupancy | $ 128 [ $ 100 11 76 $ 2381 $ 466
17 Baseline @ 0.2 W/sf $ 128 | $ 100 17 114 $ 363 | $ 591
18 University $ 128 $ 100 11 76 $ 238 $ 466
19 Bust $ 128[$ 100 11 76 $ 2381 $ 466
20 Baseline 2 (With Reporting) | $ 128 | $ 100 11 76 $ 238 % 466
21 Baseline 3 (With Reporting) | $ 128 $ 100 11 76 $ 238 [ $ 466
22 Bust 2 $ 128 [ $ 100 11 76 $ 2381 $ 466
23 University 2 $ 128 | $ 100 11 76 $ 238 $ 466
24 LED 2 $ 3281 $ - 0 32 $ 50([$ 378 |Integral
25 LED 3 $ 3281 $ - 0 32 $ 50($ 378 |Integral
26 Office Medium Bracket FL $ 128 | $ 100 11 76 $ 238 $ 466
27 Office MediumBracket LED | $ 328 % - 0 32 $ 5| $ 378 [Integral
28 Office High Bracket FL $ 128 [ $ 100 11 76 $ 2381 $ 466
29 Mixed Use High Bracket FL $ 128 | $ 100 11 76 $ 238 $ 466
30 University 3 $ 128($ 100 11 76 $ 2381 $ 466
31 University 3 $ 128 [ $ 100 11 76 $ 2381 $ 466
32 University 3 $ 128 | $ 100 11 76 $ 238 | $ 466

Figure 289: Initial Costs for Occupancy Sensor Equipment
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Photocell Installation Costs
Total Total
Lengthof | Lengthof | Associated | TOTAL
Photocell Power Sensor Wiring and COST
Run Total Unit | Conduit & | Conduit & | Conduit per | CONTROL
Number Run Name Cost Wiring Wiring Zone PER ZONE Notes
1 BASELINE $ 190 0 60 $ 9413 284
2 80% Daylighted $ 190 0 60 $ %|s 284
3 20% Daylighted $ 190 0 60 $ %3 284
4 Moderate Daylight $ 190 0 60 3$ 941$ 284
5 Good Daylight $ 190 0 60 $ 9413 284
6 LED $ 190 0 60 $ 9413 284
7 HID $ 190 0 60 $ 93 284
8 Induction $ 190 0 60 $ AU(s 284 |per controlled zone, one zone total
9 Medium Occupancy 24/7 $ 190 0 60 $ 9($ 284 [on North side, one zone per floor
10 Low Occupancy 24/7 $ 190 0 60 $ |3 284 |on South side
11 Office High Occupancy $ 190 0 60 $ 9413 284
12 Office Medium Occupancy $ 190 0 60 3$ 94| $ 284
13 Office Low Occupancy $ 190 0 60 $ 941$ 284
14 Mixed Use High Occupancy | $ 190 0 60 $ 91$ 284
15 Mixed Use Medium Occupancy | $ 190 0 60 $ 913 284
16 Mixed Use Low Occupancy | $ 190 0 60 $ 9| $ 284
17 Baseline @ 0.2 W/sf $ 190 0 60 3$ 941$ 284
Per controlled zone, one zone total
on North side, one zone total on
18 University $ 190 0 60 $ 941$ 284 [South side
19 Bust $ 190 0 60 $ 9413 284
- - - Per controlled zone, one zone total
20 Baseline 2 (With Reporting) | $ 190 0 60 $ 91$ 284 | 0 North side, one zone per floor
21 Baseline 3 (With Reporting) | $ 190 0 60 $ 943 284 |on South side
22 Bust 2 $ 190 0 60 $ %l 284
Per controlled zone, one zone total
on North side, one zone total on
23 University 2 $ 190 0 60 $ 91 284 [South side
24 LED 2 $ 190 0 60 $ 93 284
25 LED 3 $ 190 0 60 3$ 9413 284
2% Office Medium Bracket FL_| $ 190 of e |s als o8 zir;gzﬁzl:gjzonneezg:: ;preléztral
27 Office MediumBracket LED | $ 190 0 60 $ 91$ 284 | on South side
28 Office High Bracket FL $ 190 0 60 $ 9413 284
29 Mixed Use High Bracket FL | $ 190 0 60 $ 9 1|$ 284
30 University 3 $ 190 0 60 3$ 941$ 284 [Per controlled zone, one zone total
31 University 3 $ 190 0 60 $ %|$ 284 |on North side, one zone total on
2 University 3 $ 190 ol 60 $ 9|3 284 |South side

Figure 290: Initial Costs for Photocell Equipment
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13.2  Ongoing Maintenance Costs

Lamp Replacement Costs

Present Total 15-
Rated Costper | Year Lamp
Lamp [70% of | Expected | Total Luminaire |Replacement
Run Life, | Rated |Years per| Lamp [Escalation| (Labor & | Cost per
Number Run Name [hrs] Life Lamp |Changes Rate Materials) Zone Notes
1 BASELINE 42,000 | 29,400 4 4 3% $ 143 70
2 80% Daylighted 42,000 | 29,400 4 4 3% $ 1413 70
3 20% Daylighted 42,000 | 29,400 4 4 3% $ 141$ 70
4 Moderate Daylight 42,000 | 29,400 4 4 3% $ 14($ 70
5 Good Daylight 42,000 | 29,400 4 4 3% $ 1U($ 70
Must replace luminaire, cost
is reduced by 7% per year
6 LED 60,000 | 42,000 5 3 3% $ 15021$% 2,163 [(net)
7 HID 30,000 [ 21,000 3 5 3% $ 751$ 449
8 Induction 100,000 70,000 8 2 3% $ 751$ 206
9 Medium Occupancy 24/7 42,000 | 29,400 4 4 3% $ 14($ 70
10 Low Occupancy 24/7 42,000 | 29,400 4 4 3% $ 141 9% 70
11 Office High Occupancy 42,000 | 29,400 4 4 3% $ 14($ 70
12 Office Medium Occupancy 42,000 [ 29,400 4 4 3% $ 1413 70
13 Office Low Occupancy 42,000 | 29,400 4 4 3% $ 141$ 70
14 Mixed Use High Occupancy | 42,000 | 29,400 4 4 3% $ 141$ 70
15 Mixed Use Medium Occupancy | 42,000 [ 29,400 4 4 3% $ 14 | $ 70
16 Mixed Use Low Occupancy | 42,000 | 29,400 4 4 3% $ 141$ 70
17 Baseline @ 0.2 W/sf 42,000 | 29,400 4 4 3% $ 21 $ 105
18 University 42,000 | 29,400 4 4 3% $ 14($ 70
19 Bust 42,000 | 29,400 4 4 3% $ 1413 70
20 Baseline 2 (With Reporting) | 42,000 | 29,400 4 4 3% $ 1418% 70
21 Baseline 3 (With Reporting) | 42,000 | 29,400 4 4 3% $ 14($ 70
22 Bust 2 42,000 | 29,400 4 4 3% $ 1413 70
23 University 2 42,000 | 29,400 4 4 3% $ 141$ 70
Must replace luminaire, cost
is reduced by 7% per year
24 LED 2 60,000 | 42,000 5 3 3% $ 1502|$% 2,163 |(net)
Must replace luminaire, cost
is reduced by 7% per year
25 LED 3 60,000 [ 42,000 5 3 3% $ 1502($ 2,163 |(net)
26 Office Medium Bracket FL 42,000 | 29,400 4 4 3% $ 141$ 70
Must replace luminaire, cost
is reduced by 7% per year
27 Office Medium Bracket LED | 60,000 | 42,000 5 3 3% $ 1502|$% 2,163 |(net)
28 Office High Bracket FL 42,000 | 29,400 4 4 3% $ 1413 70
29 Mixed Use High Bracket FL | 42,000 | 29,400 4 4 3% $ 141$ 70
30 University 3 42,000 | 29,400 4 4 3% $ 14($ 70
31 University 3 42,000 | 29,400 4 4 3% $ 14($ 70
32 University 3 42,000 | 29,400 4 4 3% $ 14($ 70

Figure 291: Present Value of Lamp Replacement Costs

2013 California Building Energy Efficiency Standards

[February 2011]





Parking Garage LPA and Controls

Page 287

Luminaire Cleaning Costs
Present Cost | Present Value of 15- | Present Value of
Run of Luminaire | Year Cleaning Cost |15-Year Cleaning
Number Run Name Cleaning per Luminaire Cost per Zone
1 BASELINE $ 9($ 107 | $ 430
2 80% Daylighted $ 9% 107 [ $ 430
3 20% Daylighted $ 9(% 107 $ 430
4 Moderate Daylight $ 9(% 107 [ $ 430
5 Good Daylight $ 9(3% 107 | $ 430
6 LED $ 9(% 107 | $ 107
7 HID $ 9(% 107 | $ 215
8 Induction $ 9% 107 | $ 215
9 Medium Occupancy 24/7 $ 9% 107($ 430
10 Low Occupancy 24/7 $ 9(% 107 [ $ 430
11 Office High Occupancy $ 9(% 107 [ $ 430
12 Office Medium Occupancy | $ 9(% 107 [ $ 430
13 Office Low Occupancy $ 9% 107 | $ 430
14 Mixed Use High Occupancy | $ 9% 107 | $ 430
15 Mixed Use Medium Occupancy | $ 9% 107 | $ 430
16 Mixed Use Low Occupancy | $ 9% 107 | $ 430
17 Baseline @ 0.2 W/sf $ 9% 107 [ $ 645
18 University $ 9(% 107 [ $ 430
19 Bust $ 9% 107 [ $ 430
20 Baseline 2 (With Reporting) | $ 9(% 107 [ $ 430
21 Baseline 3 (With Reporting) | $ 9(% 107 [ $ 430
22 Bust 2 $ 9(% 107 | $ 430
23 University 2 $ 9% 107 | $ 430
24 LED 2 $ 9(%$ 107 | $ 107
25 LED 3 $ 9($ 107 [ $ 107
26 Office Medium Bracket FL | $ 9% 107 | $ 430
27 Office MediumBracket LED | $ 9% 107 [ $ 107
28 Office High Bracket FL $ 9(% 107 [ $ 430
29 Mixed Use High Bracket FL | $ 9% 107 | $ 430
30 University 3 $ 9% 107 [ $ 430
31 University 3 $ 9% 107 | $ 430
32 University 3 $ 9($ 107 | $ 430
Figure 292: Present Value of Luminaire Cleaning Costs
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Occ Sensor Replacement Costs

Run Sensor Total Cost per Total 15-Year Sensor
Number Run Name Cost Labor Replacement | Replacement Cost per Zone
1 BASELINE $ 128 50| $ 178 | $ 32
2 80% Daylighted $ 128 50| $ 178 | $ 32
3 20% Daylighted $ 128 50| $ 178 | $ 32
4 Moderate Daylight $ 128 50| $ 178 [ $ 32
5 Good Daylight $ 128 50 $ 178 | $ 32
6 LED 3 328 50| $ 378 | $ 25
7 HID $ 128 50| $ 178 [ $ 32
8 Induction $ 128 50| $ 178 [ $ 32
9 Medium Occupancy 24/7 $ 128 50| $ 178 [ $ 32
10 Low Occupancy 24/7 $ 128 50| $ 178 | $ 32
11 Office High Occupancy $ 128 50| $ 178 [ $ 32
12 Office Medium Occupancy | $ 128 50| $ 178 [ $ 32
13 Office Low Occupancy $ 128 50| $ 178 [ $ 32
14 Mixed Use High Occupancy | $ 128 50| $ 178 [ $ 32
15 | Mixed Use Medium Occupancy | $ 128 50| $ 178 | $ 32
16 Mixed Use Low Occupancy | $ 128 50| $ 178 [ $ 32
17 Baseline @ 0.2 W/sf $ 128 50| $ 178 | $ 32
18 University $ 128 50| $ 178 [ $ 32
19 Bust $ 128 50| $ 178 [ $ 32
20 Baseline 2 (With Reporting) | $ 128 50| $ 178 [ $ 32
21 Baseline 3 (With Reporting) | $ 128 50| $ 178 | $ 32
22 Bust 2 3 128 50| $ 178 [ $ 32
23 University 2 $ 128 50| $ 178 | $ 32
24 LED 2 $ 328 50| $ 3781 $ 25
25 LED 3 $ 328 50| $ 3781 $ 25
26 Office Medium Bracket FL $ 128 50| $ 178 [ $ 32
27 Office Medium Bracket LED | $ 328 50| $ 3781 $ 25
28 Office High Bracket FL 3 128 50| $ 178 [ $ 32
29 Mixed Use High Bracket FL | $ 128 50| $ 178 [ $ 32
30 University 3 $ 128 50| $ 178 [ $ 32
31 University 3 $ 128 50| $ 178 | $ 32
32 University 3 $ 128 50| $ 178 [ $ 32

Figure 293: Present Value of Occupancy Sensor Replacement Costs
2013 California Building Energy Efficiency Standards [February 2011]
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13.3 Total Costs

TOTAL GARAGE 15-YEAR EQUIPMENT AND
MAINTENANCE COSTS
NUMBER OCCUPANCY,

Run OF DAYLIGHT NON- OCCUPANCY,
Number Run Name ZONES | BASELINE| ONLY DAYLIGHTED | DAYLIGHTED
1 BASELINE 400 $ 81934 |$ 83352 % 109,088 | $ 110,506
2 80% Daylighted 400$ 81934[$ 83352| % 109,088 | $ 110,506
3 20% Daylighted 400$ 81934[$ 83352|% 109,088 | $ 110,506
4 Moderate Daylight 400 $ 81934 |$ 83352 % 109,088 | $ 110,506
5 Good Daylight 400 $ 81934[($ 83352|% 109,088 | $ 110,506
6 LED 112 $ 489815|$ 491,233 [ $ 534,894 | $ 536,312
7 HID 56] $ 111,155 |$ 112573 $ 151,894 | $ 153,312
8 Induction 64 $ 126206 | $ 127624 | $ 139,159 | $ 140,577
9 Medium Occupancy 24/7 400$ 81934[$ 83352|% 109,088 | $ 110,506
10 Low Occupancy 24/7 400 $ 81934 |$ 83352 | % 109,088 | $ 110,506
11 Office High Occupancy 400 $ 81934|$ 83352 % 109,088 | $ 110,506
12 Office Medium Occupancy 400 $ 81934 |$ 83352 % 109,088 | $ 110,506
13 Office Low Occupancy 400 $ 81934 |$ 83352 % 109,088 | $ 110,506
14 Mixed Use High Occupancy 400$ 81934[$ 83352|% 109,088 | $ 110,506
15 Mixed Use Medium Occupancy 400 81934 |$ 83352 9% 109,088 | $ 110,506
16 Mixed Use Low Occupancy 400 $ 81934 |$ 83352 % 109,088 | $ 110,506
17 Baseline @ 0.2 W/sf 52 $ 159,771 |$ 161,189 $ 206,235 | $ 207,653
18 University 121 $ 24580 |$% 251471 % 32726 | $ 33,294
19 Bust 400 $ 81934 |$ 84202 $ 109,088 | $ 111,357
20 Baseline 2 (With Reporting) 400 $ 81934 |$ 83352 % 109,088 | $ 110,506
21 Baseline 3 (With Reporting) 400$ 81934 (% 83352|% 109,088 | $ 110,506
22 Bust 2 400 $ 81934 |$ 82501 % 109,088 | $ 109,655
23 University 2 120 $ 24580 |$ 25147 |3 32,726 [ $ 33,294
24 LED 2 112 $ 489815 |$ 491,233 [ $ 534,894 | $ 536,312
25 LED 3 112 $ 489815 |$ 491,233 [ $ 534,894 | $ 536,312
26 Office Medium Bracket FL 400 $ 81934 |$ 83352 % 109,088 | $ 110,506
27 Office Medium Bracket LED 112 $ 489815 |$ 491,233 [ $ 534,894 | $ 536,312
28 Office High Bracket FL 400$ 81934[$ 83352|% 109,088 | $ 110,506
29 Mixed Use High Bracket FL 400 $ 81934 |$ 83352 % 109,088 | $ 110,506
30 University 3 121 $ 24580 |$ 25147 | $ 32,726 | $ 33,294
31 University 3 121$ 24580 |$ 25147 (% 32,726 | $ 33,294
32 University 3 120 $ 24580 |$ 25147 | $ 32,726 | $ 33,294

Figure 294: Total Garage Present Value of All Equipment and Maintenance Costs per Scenario
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TOTAL ZONE-BY-ZONECOSTS
# #
Occupancy | Daylighted| NUMBER| UNCONTROLLED | CONTROLLED | OCCUPANCY| EFFECTIVE
Run Total #| Zones per | Zones per OF LUMINAIREZONE| LUMINAIRE SENSING [DAYLIGHTING
Number Run Name Floors Floor Floor ZONES COST ZONECOST | ZONECOST | ZONECOST

1 BASELINE 4 10 5 40 $ 2,048 | $ 2228 $ 499 [ $ 71
80% Daylighted 4 10 8 40 $ 2,048 | $ 2228 $ 4991 $ 44

3 20% Daylighted 4 10 2 40 $ 2,048 | $ 2228 $ 4991 $ 177
4 Moderate Daylight 4 10 5 40 $ 20481 $ 2,228 | $ 4991 $ 71
5 Good Daylight 4 10 5 40 $ 20481 $ 2,228 | $ 4991 $ 71
6 LED 4 28 14 112 $ 4373 1% 43731 $ 402 ($ 25
7 HID 4 14 7 56 $ 1985 | $ 2,385 | $ 32713 51
8 Induction 4 16 8 64 $ 1972 | $ 2142 1 $ 3321% 44
9 Medium Occupancy 24/7 4 10 5 40 $ 2048 | $ 2,228 | $ 4991 $ 71
10 Low Occupancy 24/7 4 10 5 40 $ 2,048 | $ 2228 [ $ 4991 $ 71
11 Office High Occupancy 4 10 5 40 $ 2048 | $ 2228 $ 4991 $ 71
12 Office Medium Occupancy 4 10 5 40 $ 2,048 | $ 2228 | $ 499 | $ 71
13 Office Low Occupancy 4 10 5 40 $ 2,048 | $ 2228 | $ 499 | $ 71
14 Mixed Use High Occupancy 4 10 5 40 $ 20481 $ 2228 | $ 499 [ $ 71
15 Mixed Use Medium Occupancy 4 10 5 40 3 2,048 | $ 2228 | $ 499 [ $ 71
16 Mixed Use Low Occupancy 4 10 5 40 $ 2,048 | $ 2228 [ $ 4991 $ 71
17 Baseline @ 0.2 W/sf 4 13 6 52 $ 3073| % 3343([$ 624 | $ 59
18 University 2 6 3 12 $ 2048 | $ 2,228 | $ 4991 $ 95
19 Bust 4 10 8 40 $ 2048 [ $ 2228 1% 499 ($ 71
20 Baseline 2 (With Reporting) 4 10 5 40 $ 20481 $ 2,228 | $ 499 [ $ 71
21 Baseline 3 (With Reporting) 4 10 5 40 $ 20481 $ 2,228 | $ 499 [ $ 71
22 Bust 2 4 10 2 40 $ 2048 | $ 2228 [ $ 4991 $ 71
23 University 2 2 6 3 12 $ 2,048 [ $ 2228 $ 49 $ 95
24 LED 2 4 28 14 112 $ 4373 3% 4373 $ 402 | $ 25
25 LED 3 4 28 14 112 $ 43731 % 4373 | $ 402 | $ 25
26 Office Medium Bracket FL 4 10 5 40 $ 2048 [ $ 2228 1% 499 [ $ 71
27 Office Medium Bracket LED 4 28 14 112 $ 43731 % 43731 $ 402 ($ 25
28 Office High Bracket FL 4 10 5 $ 2,048 | $ 2228 | $ 499 [ $ 71
29 Mixed Use High Bracket FL 4 10 5 40 $ 2048 | $ 2,228 | $ 4991 $ 71
30 University 3 2 6 3 12 $ 20481 $ 2,228 | $ 4991 $ 95
31 University 3 2 6 3 12 $ 20481 $ 2228 | $ 4991 $ 95
32 University 3 2 6 3 12 $ 2,048 [ $ 2,228 | $ 499 [ $ 95

Figure 295: Total Effective Zone-by-Zone Present Value of All Equipment and Maintence Costs
per Scenario

2013 California Building Energy Efficiency Standards [February 2011]










image33.emf
Benya Burnett  Consultancy Energy Workpaper Final 7-10-16.docx


Benya Burnett Consultancy Energy Workpaper Final 7-10-16.docx
BENYA BURNETT CONSULTANCY



BENYA BURNETT CONSULTANCY						13



Energy Workpaper

Parking Garage Lighting

Background and Basis of Recommendations

July 11, 2016

Introduction

This report has been prepared in support of the proposal for a single measure program for parking garage lighting. It establishes useful and accurate parameters to be used in making determinations about parking garage lighting energy use and typical savings opportunities for existing structures, including but not limited to:

· Summary of lighting types and methods for garages

· Parking garage architectural design and planning

· Code impacts

· Determination of typical area (square feet) of each primary space or use for a representative garage

· Discussion of variations

· Determination of representative daylighting zone 

Among the 6 space types commonly found in a parking garage, only one other – stairwells – would be best served by another measure, already developed.

Parking Garages – General

Parking Garage Standards

De Facto Industry Standardization

Parking garages designs are more-or-less standardized.  An example of the systematic way garages are designed and built from one of the nation’s largest builders of parking garages is attached (Exhibit “A”).  This particular document is dated December 2008.   While there are many reasons to choose among the various architectural circulation and ramping styles (pp 13-21), the design is forced by basic geometric realities (pp 23-26), and the site including its size, shape, location, locals streets and roads, and local zoning and planning restrictions. Ultimately, economics weigh heavily (p 27).  

Net Useable Area

For almost all building projects, the object is to provide the highest possible ratio of net useable area to total building area, called net-to-gross ratio.  One could either use the net area of parking stalls to gross building area, or the net area of parking stalls and circulation and drive aisles to gross building areas.  The former is a better indicator of the overall efficiency of the design for the intended purpose. But the latter better describes the area that must be illuminated with a primary lighting system, which is the topic of this report.  Hence for these purposes, the “net “ area will include the entire interior of the garage including entry and exit, drive aisles, parking stalls, turning zones and pedestrian movement areas (other than stairs and lobbies) that are all part of the floors of the garage.

Net Not-Useable Area

Although technically all spaces are useful, it is customary to include all supporting spaces into the category of net not-useable space. In a parking garage, these spaces typically include:

· Elevators and elevator lobbies

· Stairs and stair vestibules

· Mechanical rooms and mechanical shafts

· Electrical rooms and electrical shafts

· Storage rooms (usually for maintenance and cleaning equipment)

· Fire pump room

· Garbage and dumpster storage areas

· Unusable and/or inaccessible areas

· Rentable space at the street level, as for retail or hospitality functions (this area may be included in net useable space, however, because it will produce revenue).

Entrances and Exits

In garages on flat grade, entrances and exits almost always occur on the first level.  In certain urban settings, some garages have a subterranean in order to maximize street level space.  For the purposes of this report, the entrance and exit ramps will be apportioned.

Daylighting

Garages can be totally enclosed, but open garages are more common because they are less costly, employ natural ventilation and reducing the cost of enclosing walls. For this reason, most garages are open on at least a part of two sides to enable cross ventilation.  Often the end walls are at least partly enclosed in order to fit into a block or streetscape next to neighboring structures, although in very open areas they are often open on most sides.  

Daylighting can be useful in parking garages, but it important to remember that direct sunlight is often not available and it is certainly not constant.  Title 24-2016 has a very explicit section, §130.1(d)3, describing specific daylighting controls for lights in the primary or secondary daylighted zone. It is common for the head height of the aperture to be between 6’ and 8’, resulting in a primary sidelighted zone extending about 6’ to 8’ into the structure and a secondary sidelighted zone about 14’ to 18’ into the structure. There are seldom any luminaires in either zone, but automatic daylighting controls may still be beneficial.

[image: ]

Santa Monica Municipal Garage.  Opening head height is 7’6” and the primary sidelit zone consists of parking stalls.  The lighting system is not in the primary sidelit zone. However, daylighting controls were employed.



Determining a Model for Analysis

On June 28, 2016, we prepared a memorandum (Exhibit B) to aid in a meeting. We chose the floor plan of an AC Hotel project as a representative model of a conventional floor plan.  It is a variation on the single threaded helix (Exhibit A, p.17) in which the parking areas are flat and the risers are on the ends (left and right). A downtown infill project with inadequate site for ground parking, the hotel’s lobby is on the first floor, the garage constituting floors 2-5, and the guest floors are above the garage. The entrance and exit ramps are on the first floor, leading directly to the actual garage on the second floor and above.  Each floor constitutes about 20,825 sf. For standardizing our model, we allocated the ramp among the parking floors, increasing the average floor model to 22,325 sf.  The average area per parking stall is 485 sf.  Per p. 27 of Exhibit A, this garage is particularly inefficient, largely due to its small floor plate size.

We then created a more general model assuming a 100,000 sf floor plate.  We believe this would be representative of more typical garages and would permit the square-feet-per-stall values from Appendix A.  As the garage gets larger, the percentage of parking area increases and the percentage of drive aisles decreases thus decreases the gross sf per stall. The two variations were summarized in the memorandum on the following table:



		

		Small Garage

		Big Garage



		Space

		Area SF

		%

		Area SF

		%



		Gross Floor Plate

		20825

		93.28%

		96000

		96.0%



		Pro rata entrance and exit

		1500

		6.72%

		4000

		4.0%



		Total Gross Area

		22325

		100.00%

		100000

		100.0%



		Stairs HVAC elevators

		1180

		5.29%

		5000

		5.0%



		Park

		7420

		33.24%

		45000

		45.0%



		Entrance Exit

		1500

		6.72%

		4000

		4.0%



		Drive aisle and ramps

		12225

		54.76%

		47500

		47.5%



		Daylit zone

		2955

		13.24%

		10896

		10.9%



		Stall area

		162

		n/a

		162

		n/a



		Stalls/floor

		46

		n/a

		280

		n/a



		SF/stall

		485

		n/a

		357

		n/a





Table showing approximate space types and areas for parking garages from Exhibit B with added per stall values

For the purposes of lighting analysis, we assume a user comfort factor 4 (9’ wide stall) with 90 degree parking per Exhibit A, p 25.  The AC Hotel garage design used these values.  Note that compact car stalls and accessible parking stalls are not specifically addressed; it is our experience that on the average, these are typically worked in to the design, using compact stalls (which are narrower) to offset accessible stalls (which are wider).

Lighting Standards and Codes

General Practices

Standard Lighting System

Parking garages generally employ a single primary lighting system for most of the drive aisles, entrance/exits, and parking stalls. In Exhibit A pp 33-35, the common practices of 2008 throughout North America are presented[footnoteRef:1]. Nationally, high pressure sodium (HPS) lighting was probably the most common due to its wide temperature tolerance and high efficacy, but a white light was preferred to create an improved sense of safety and security.  On p. 35, the white light preference is illustrated.  Metal halide lighting was the common choice for those garages for which white light as preferred, as it is close to HPS in efficiency. [1:  This writer was rather astonished that in 2008, this major contractor recommended a lighting system of 150 watt luminaires every 10’ x 10’ (more than 1.5 w/sf).  At the time, the Title 24 Standards allowed 0.4 w/sf, which was adequate using the technologies under discussion in this report.] 


Regional Choices

In Southern California, the limited temperature extremes historically made fluorescent lighting the favored choice, as it was essentially as efficacious as HPS, offered very long lamp life, and was more economical. It also offered immediate starting, allowing for much more economical emergency lighting. This report is focused on fluorescent lighting in Southern California.



[image: ]

Lighting plan and floor plan of AC Hotel.  The garage is open on 75% of the enclosing walls.

Lighting Levels

General Lighting

On pp 33-34 of the attachment, lighting level criteria and practices of the period are given.  The source of the criteria values is Illuminating Engineering Society RP-20, Recommended Practice for Parking Facilities.  RP-20-14, published in 2014 is the current document for use in North America.  However, the majority of existing parking facilities were probably designed under RP-20-98, which was published in 1998.  

There was a significant change to the IES recommended practice with the 2014 document.  It added the requirement for a minimum of 0.5 footcandles at the edge of the parking lot area in the vertical plane at 5’ above the floor, and 0.5 footcandles, minimum in the vertical plane along the drive aisle, perpendicular to vehicular travel, at 5’ above the floor.  The prior RP-20 had no recommendations[footnoteRef:2] for vertical illumination.  It was possible to meet the conventional horizontal illumination (on the floor) recommendations with a single powerful luminaire over the center of drive aisle, every 20 to 30’.  But the meeting the new recommendations would require a seriously glaring luminaire, and lower powered luminaires on either side of the drive aisle work much better. This approach happens to favor fluorescent lighting and its modern replacements, LEDs. The 2016 Energy Code Area Category lighting power density allowance for the parking, drive aisles and pedestrian areas is 0.14 w/sf. [2:  IES recommendations are not code, but establish the basis of good practice, which is followed by most engineers in order to mitigate liabilities.] 


Transition Zones

When entering or leaving a parking garage during the day, drivers and pedestrians must rapidly adapt between the high outdoor light levels during the day, and the comparatively low interior light levels of the garage.  IES recommends as much as 50 footcandles (500 lux) for these areas, or roughly 10 times the average light levels for parking areas without daylight. The 2016 Energy Code Area Category lighting power density allowance transition zones is 0.6 w/sf.

Egress Lighting

California Title 24 Part 2, the California Building Code (CBC), §1006,establishes means of egress lighting requirements, which means lighting the common paths and aisles to the stairs, the stairs themselves, and the path from the stairs to a place of public access or refuge.  For most projects, the path begins at the drive aisle and ends at a public street or sidewalks.

They have two distinct sets of lighting requirements:

1. When normal power is available, the means of egress must be lighted to a minimum of 1 footcandle (10.76 lux) whenever the building is occupied.  

2. When there is a power emergency, the same means must be lighted to a minimum of 0.1 footcandle (1.076 lux) with a max: min uniformity of 40:1 for a minimum of 90 minutes after power is lost.

Understanding the design implications of egress lighting is critically important.  As a general rule, the egress lighting requirements must be met for the drive aisle and circulation areas, but there is some question whether the parking areas are a means of egress.  Interpretation of §1006 to the project is performed by the designers and must gain the approval of the Authority Having Jurisdiction (AHJ), typically the building inspector and/or the fire marshal.

Lighting Controls 

General Illumination

Title 24 Part 6 Energy Efficiency Standards were mostly silent about parking garage lighting controls until the 2013 standard.  Because the general lighting system is also the egress lighting, and because parking garage lighting is generally 0.3 w/sf or less, the 2008 and foregoing Standards essentially allowed all parking garage lighting to remain on 24/7 per §131(d)1. Exception 3.  

However, with the 2013 Standards, lighting controls became required for parking garages.  §130.1(c)7 added specific requirements for Partial Off lighting controls to reduce lighting power when there was no occupancy or motion in the area, with a maximum limit of 500 watts per sensor.  §130.1(d)3 requires automatic daylighting controls, either switched on/off, multilevel or dimming, for luminaires located in either the primary or secondary daylighted zones.

Egress Illumination

As an overarching requirement, lighting for the path of egress must be on and meeting the illumination requirements of the California Building Code (CBC) whenever the building is occupied .  The State Fire Marshal’s ruling states unequivocally that “The CBC requirements for Means of Egress Illumination Section (§1006) supersede the California Energy Code. The requirements of CBC §1006 are applicable when applying the California Energy Code.” This ruling in 2014 was particularly aimed at the energy code requirements in §130.1(c)7.   It is commonly interpreted by architects, engineers and contractors to avoid motion sensing lighting controls for the means of egress unless the minimum lighting levels are at least twice the necessary minimum. Then, lights can be “partially off” and still meet CBC §1006 in the “low” state.  

Sidelit daylighting controls are less of a challenge.  CBC §1006 does not specify that the lighting levels be provided by electric light.  If there are luminaires in the primary or secondary sidelit zone and the sensor is located and set properly,  the minimum egress lighting levels will be met with electric or natural light.

Lighting Designs and Applications

[image: C:\Users\Benya\Documents\Projects\Santa Monica\Santa Monica\100_0164.JPG]General Lighting with Fluorescent

City of Santa Monica Parking Garage 4, circa 2008

From professional experience, we believe that there are two commonly used fluorescent luminaires in garages in Southern California:

[image: http://www.acuitybrandslighting.com/library/ll/images/family/1081_med.jpg]Strip fluorescent luminaires, 4’ single lamp installed in 8’ long “tandem” configuration, sharing a single 2-lamp ballast. Because the working life of a fluorescent lighting system is 20 years+ (ballast and luminaire) and 5 years+ (lamp) the most likely combination in service employs T-8 first generation instant start technology, drawing 59 watts to drive two standard lamps at a ballast factor of 88%.  Lamps are most likely F32T87xx lamps with 2725 initial lumens.

[image: http://www.acuitybrandslighting.com/library/ll/images/family/1226_large.jpg]

Vapor tight wraparound fluorescent luminaires, with (2) 4’ lamps sharing a single 2-lamp ballast.  Ordinary wraparounds will collect too much dirt. AS Assumed to use same technology as above.







Alternative Designs

All of the following designs are analyzed for a nominal 90 foot long by 62 foot wide parking garage with an 8’ flat ceiling, clean natural concrete ceiling, floors and walls, 70% lumen maintenance factor. Note that the lighting power density is for the parking and aisle areas only.  The overall power density of the entire garage floor is larger due to the need for higher light levels around elevator and lobby cores and circulation areas.  Title 24-2016 Area Category Method allows 0.14 w/sf lighting power density (LPD) for the garage floor, not including transition zones, stairs or enclosed spaces such as mechanical rooms.  The whole building LPD is 0.20 w/sf, which is probably adequate for most garages and requires fewer code compliance documents.

Also note:  these designs assume a flat ceiling.  Beams can seriously reduce lighting levels and/or create dark spots, and will cause higher lighting power use. For this reason alone, the Title 24 allowance of .14 w/sf is necessary.

The following designs illustrate different methods of complying with IES RP-20-14 and building energy efficiency standards using fluorescent lighting.  Designs 1a and 1b cannot use motion sensors per the energy code, and are not required to use daylight sensors.

[image: ]Design 1a – Lowest cost and power  with strip lights

[image: ]





[image: ][image: ] Design 1b – Lowest cost and power with vaportight lights



Designs 2a and 2b may use motion sensors and/or daylight sensors for the luminaires over the parking stalls but not over the drive aisles.

 Design 2a – 50% cost increase over Design 1a using strip lights but permits lighting controls for 2/3 of the luminaires

[image: ][image: ]

Design 2b – 50% cost increase over Design 1b using vaportight lights but permits lighting controls for 2/3 of the luminaires

[image: ]
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[image: ]LED Designs

LED lighting offers the possibility of improving existing and new parking garage lighting in several key ways:

1. Reduce lighting power and energy use.

2. Allow inexpensive lighting controls for dimming.

3. Minimize maintenance costs.

4. Eliminate temperature concerns.

Using LED batten luminaires, which are low cost and for garages, can have the advantage of being able to be washed for cleaning with a hose, we created Design 3.  Similar performance to Design 1a can be achieved with 0.42 w/sf, or about 1/3 fewer watts.

Design 3– Design 1 with LED Vaportights

[image: ][image: ]



Other notes

It is important to avoid drawing conclusions from these model calculations.  In reality, any number of factors could increase or decrease the actual lighting power needed to meet IES RP-20-14 and the CBC.  Also, the lighting needed for other parts of the parking garage generally serve to increase the lighting power density significantly.

We also examined the impact of painting the ceiling white as compared to raw concrete. It appears to create 20-21% increased light levels and therefore, potential energy savings. 

[image: C:\Users\Benya\Documents\Projects\Santa Monica\Santa Monica\102_5748.JPG]

Santa Monica Parking Garage #7 with new coat of white paint on ceilings and walls. Circa 2008

Summary

This report has identified a number of reasons why most lighting in most garages will consist of a general lighting system with minimal controls.  It further identifies that the most economical lighting systems will probably not result in luminaires located in the sidelit daylit zone, which extends only as far as the depth of the parking stalls in most garages due to limits to the head height of the opening.  

For the purposes of this report, we conclude that a single efficiency measure for fluorescent lighting systems in garages is called for because of the potential for energy savings of about 1/3 regardless of the design layout.  However, due to the limited amount of space in garages that constitute the primary and secondary sidelit zones, and due to the likelihood that luminaires will not be in those zones, a second measure for daylighting in parking garages is probably not justified.

501 Fillmore Court

Davis, CA 95616
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14-010-MeansOfEgressIllumination.pdf
California State Fire Marshal
CODE INTERPRETATION

Date Issued November 24, 2014 Interpretation 14-010
Topic Means of Egress Illumination
Code Section(s) 2013 CBC 1006.1, Energy Code 8130.1(c)

Requested by

Schetter Electric
James Hines, Electrical Engineer

Date Received June 20, 2014

Questions: The California Energy Code, states that all lighting including emergency lighting must
be shut off when the building is unoccupied. It states that this is to be done by occupancy sensing,
automatic time switch, or building system signal. If occupancy sensing is used for a separate office
and the exit path is also occupancy sensing controlled, then an occupant can be in an office with the
exit path totally dark, which does not conform to section 1006 of the California Building Code. For
timing or a building control system there will not be a guarantee the building will be unoccupied.

1.

What are the exiting and emergency lighting requirements when applying the
California Energy Code?

Answer: The California Building Code (CBC) requirements for Means of Egress
Illumination Section (81006) supersede the California Energy Code. The requirements of
CBC §1006 are applicable when applying the California Energy Code.

For emergencies, how will a responding party activate the lights as there is no
requirement for a fire department emergency override?

Answer: As stated in question 1, the means of egress illumination level shall not be less than
1 footcandle at the walking surface, where required per CBC. There are no fire and life safety
code requirements for fire department overrides.

Are electronic methods of guaranteeing that no one is in the building acceptable? If so,
must they be UL 924 (emergency), or State Fire Marshal approved, or require
continuous monitoring or testing?

Answer: As stated in question 1, the means of egress illumination level shall not be less than
1 footcandle at the walking surface, where required per CBC. There are no fire and life safety
code requirements for electronic methods of guaranteeing the building is unoccupied.






What is the required commissioning test for controls if required? What documentation
would be required?

Answer: As stated in question 1, the means of egress illumination level shall not be less than
1 footcandle at the walking surface, where required per CBC. There are no fire and life safety
code requirements for commissioning test for controls.

How should this apply to a mall, where light control timing would be used instead of
occupancy control? What guarantees the mall to be unoccupied?

Answer: As stated in question 1, the means of egress illumination level shall not be less than
1 footcandle at the walking surface, where required per CBC.
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