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ABOUT CLTC 
California Lighting Technology Center’s mission is to stimulate the development and application of  
energy-efficient lighting by conducting technology development and demonstrations, outreach and educational 
activities, in partnership with lighting manufacturers, lighting professionals, the electric utility community, and 
governmental agencies. CLTC was established as a collaborative effort between the California Energy 
Commission and UC Davis, with support by the U.S. Department of Energy and the National Electrical 
Manufacturers Association (NEMA). 
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1.0 INTRODUCTION 
The purpose of this contract was to help develop and expand Public Interested Energy Research (PIER) 
partnerships. The task related to this report was the expanded development and support of an energy 
efficiency lighting partnership between PIER and the California National Guard (CNG). Project goals 
focused on identification and development of a portfolio of standardized lighting retrofit measures which 
could be replicated at other CNG facilities. This report documents a basic framework of typical lighting 
applications and technologies, which are expected to be found at facilities throughout the CNG. Baseline 
and retrofit technologies are based on audits conducted at the Stockton Complex. The Stockton Complex 
(armory, organizational maintenance shop, combined support maintenance shop, and Army aviation 
support facility) of the California Army National Guard (CANG) was constructed in phases from the 1950s 
through the 1980s. The site is situated on a 55-acre parcel for all assigned units and operations. Buildings 
and infrastructure have undergone minimal retrofit or renovations, which is consistent with other Guard 
facilities across the State. 

2.0 LIGHTING AUDIT AND RECOMMENDATIONS – 
CNG STOCKTON COMPLEX 

CLTC staff conducted two site visits to the CNG Stockton Complex during 2010. Both visits consisted of 
facility tours and discussions with site personnel to identify and quantify baseline lighting technologies, 
energy use, and operating and maintenance schedules. Following these visits, CNG provided project staff 
with several sets of lighting plans for buildings at the Stockton Complex. From these plans, CLTC 
developed a portfolio of simple, energy-efficient lighting retrofit measures that could be replicated 
statewide. In some areas, minor lighting-efficiency retrofit projects had been completed but were 
undocumented. Therefore, alternates are available based on documented, as well as observed, lighting 
baselines. The following measures should be used as a starting point for forthcoming lighting energy-
efficiency projects at the CNG. Future measures and associated energy and cost savings may be 
expanded from these initial concepts. 
 

2.1 SUSPENDED HIGH BAY LUMINAIRES 
The California National Guard is home to multiple aircraft support facilities. Facilities at the Stockton 
complex include one primary hangar, the Army Aviation Support Facility (AASF), which serves as a 
primary work area for aircraft and vehicle maintenance. A smaller hangar area located at the combined 
support maintenance shop (CSMS) has been converted into a gymnasium. Lighting for these areas is 
representative of similar facilities throughout the state. Primary lighting consists of suspended HID high 
bay luminaires, which operate continuously, regardless of occupancy or available daylight.  
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Figure 1: Incumbent high bay luminaires – main hanger (left) and work bay (right). 

2.1.1 EXISTING CONDITIONS 

Incumbent high bay luminaires consist of 400 watt (W) metal halide (MH) fixtures in the main hangar bay 
of the AASF facility, and 250W high pressure sodium (HPS) luminaires in the work bay of the CSMS 
facility. The total system wattage for the MH fixtures is 458W, and 295W for the HPS fixtures. Both types 
of luminaires use magnetic ballasts and are pendant mounted. Forty-eight of the MH fixtures are installed 
in the main hangar bay, and 45 HPS luminaires are installed in the work bay.  
 
Photometric models indicate these spaces are well lit, with an average horizontal illuminance of 47 
footcandles (fc) at floor level. Other illuminance metrics can be found in Table 1. Appendix A contains 
photometric models of existing and proposed lighting for the AASF hangar. 
 
Table 1: Illuminance metrics for the incumbent lighting system in the main hangar of the AASF facility. 

 
Space	
   Average	
   Max	
   Min	
   Uniformity	
  

Main	
  Hangar	
  Floor	
   46.93	
   54.1	
   26.9	
   1.74	
  
 

2.1.2 RECOMMENDED RETROFIT 

The recommended replacements for these luminaires consist of fluorescent high bay luminaires coupled 
with tubular daylighting devices, where appropriate. The CSMS work bay retrofit would consist of one-to-
one replacements of existing HID high bays with fluorescent high bay luminaires. These fixtures use four 
4’ T8 lamps per luminaire, powered by two energy-efficient electronic ballasts with a ballast factor (BF) of 
0.88. Each luminaire consumes 126 W. 
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Figure 2: Fluorescent high bay luminaire. Photos are courtesy of Lithonia.com. 
 
The lighting system recommended for the main hangar of the AASF consists of a combination of high bay 
fluorescent luminaires and tubular daylighting devices (TDD) manufactured by Orion Lighting. This 
combination of photo-controlled luminaires and TDDs provides the maximum amount of energy-free 
sunlight while also providing high bay fluorescent lighting to supplement cloudy days and evenings.  
 
By replacing the existing luminaires with the recommended T5HO luminaires, CLTC was able to model 
the hangar during night hours by negating the contribution of the TDDs. Compared to the incumbent 
lighting system, the average illuminance was reduced by approximately 7 fc; however, the minimum 
illuminance stayed the same and the uniformity ratio was reduced. This lighting reduction would reduce 
overhead glare. Table 2 outlines the various illuminance metrics and compares the incumbent lighting 
system with the proposed lighting system. 
 
Table 2: Illuminance metrics comparing the existing lighting system and the proposed lighting system in the 
main hangar during night hours. 

 
Lighting	
  System	
   Average	
   Max	
   Min	
   Uniformity	
  

Incumbent	
   46.93	
   54.1	
   26.9	
   1.74	
  

Retrofit	
   39.31	
   45	
   26.9	
   1.46	
  
 

2.2 RECESSED AND SUSPENDED TROFFER LUMINAIRES 
Recessed and suspended fluorescent troffer luminaires are located throughout the base. These 
luminaires are used in offices and most secondary support areas such as corridors, break rooms, and 
storage rooms. Many lamp burnouts were observed, as well as various color temperature lamps. 
Fluorescent troffers serve as one of the main luminaires used in office spaces with drop ceilings and as 
such a representative of office spaces at all National Guard bases. Luminaires consist of a combination of 
T8 and T12 linear fluorescent units due to undocumented retrofits of the energy inefficient T12 luminaires. 
These undocumented retrofits are represented in the lighting audit and recommendations as the 
alternative luminaire type. 

2.2.1 EXISTING CONDITIONS 

Incumbent recessed fluorescent luminaires are located throughout the base. These luminaires use either 
T12 lamps and magnetic rapid-start ballasts or T8 instant-start ballasts with a 0.88 BF. These troffers use 
two to four lamps depending on setup and location. Sixty-one recessed troffers are located throughout the 
building.  
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Table 3 outlines the various wattage and lamping combinations of recessed troffers throughout the CSMS 
and AASF.  

    
 
Table 3: Recessed troffer lamp type, wattage, and power consumption in the CSMS. 
 

Lamp	
  Type	
   Lamp	
  Qty	
  
Lamp	
  Size	
  

(W)	
   Ballast	
  Type	
  
Ballast	
  
Qty	
  

Ballast	
  Input	
  
Wattage	
  

Power	
  per	
  
luminaire	
  (W)	
  

T12	
  
fluorescent	
   4	
   40	
  

Magnetic	
  T12	
  
rapid	
  start	
   2	
   89	
   178	
  

T8	
  fluorescent	
   3	
   32	
  

Electronic	
  T8	
  
instant	
  start,	
  
0.88BF	
   1	
   86	
   86	
  

T12	
  
fluorescent	
   2	
   40	
  

Magnetic	
  T12	
  
rapid	
  start	
   1	
   89	
   89	
  

T8	
  fluorescent	
   2	
   32	
  

Electronic	
  T8	
  
instant	
  start,	
  
0.88BF	
   1	
   59	
   59	
  

2.2.2 RECOMMENDED RETROFIT 

Retrofit recommendations consist of a one-to-one replacement of all existing recessed troffers with 
Lithonia 2VT volumetric troffers. These replacement luminaires use either one or two T5 lamps depending 
on the luminaire they are replacing. Two-lamp 2VT luminaires consume 62W, while one-lamp luminaires 
consume 30W. 2VT luminaires use Osram Sylvania ballasts with a 1.0 BF.  
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Figure 3: The 2VT troffer by Lithonia (left) and the 2VT troffer installed (right). Photos are courtesy of 
Lithonia.com. 

2.3  FLUORESCENT 1X4 STRIP LUMINAIRE 
Fluorescent strip fixtures can be found throughout the Stockton facility. They were observed mostly in 
industrial related spaces where additional illuminance was required. Strip luminaires consist of a mix of 
T12 and T8 linear fluorescent units using either 4’ or 8’ lamps. This mix of T12 and T8 luminaires is 
represented in the lighting audit and recommendations by the alternate luminaire type. As with the 
recessed and suspended troffer luminaires, CLTC observed many lamp burnouts and a mix of multiple 
color temperature lamps. Luminaires are controlled by wall switch and as such operate regardless of 
occupancy and or light levels. Strip luminaires are often used in locations where the original lighting for a 
space is not sufficient, and thus represent a regularly observed luminaire in older military and civilian 
buildings and facilities across California.  

2.3.1 EXISTING CONDITIONS 

Incumbent strip fixtures are located throughout the CSMS and AASF facilities. These luminaires use 
either T8 or T12 lamps and corresponding electronic ballasts with BFs of 0.88 or magnetic ballasts. Strip 
fixtures are surface mounted or pendant mounted and uses one- and two-lamp configurations. One-lamp 
T12 strip-mounted luminaires consume 45W of power, while two-lamp configurations consume 89W. 
One-lamp T8 strip-mounted luminaires consume 30W of power, while two-lamp configurations consume 
59W.  
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Figure 4: Two-lamp T12 incumbent strip fixtures in the CSMS facility. 

2.3.2 RECOMMENDED RETROFIT 

Luminaires that already have been retrofitted to T8s require no further retrofit. Recommended 
replacements for existing T12 strip fixtures consist of Lithonia MS5 and MS5 R general-purpose strip 
fixtures that use T5 and T5HO lamps. The recommended luminaires are one-lamp T5 systems that use 
Osram Sylvania ballasts with a 1.0 BF. The MS5 has no reflector, while the MS5 R does. The product 
consumes 30W.  

 
Figure 5: The MS5 R (left) and MS5 (right). Photos are courtesy of Lithonia.com. 

 
 

2.4 WALL PACKS 
Wall packs are located on the exterior of the CSMS building façade. The wall packs operate in evenings 
regardless of occupancy and make use of HPS lamps. Wall packs are used to provide lighting around the 
exterior for way finding, and as such serve as a great technology to make use of occupancy sensors. Low 
occupancy rates make exterior way finding lighting an efficient use of funds for maximum energy savings. 
Additionally, exterior lighting is existent on almost all military buildings and as such provides an avenue 
for energy savings on all facilities and military installations. 

2.4.1 EXISTING CONDITION 

Existing wall packs are on the exterior of the CSMS building. They consist of 70W HPS and 400W HPS 
fixtures that consume 91W and 464W respectively. Three 70W HPS luminaires are mounted at 8’, while 
seven 400W luminaires are mounted at 20’.  

2.4.2  RECOMMENDED RETROFIT 

The recommended retrofit for the 70W HPS luminaires on the CSMS building exterior is a bi-level CFL 
wall pack by RAB lighting. This luminaire senses occupancy via a passive infrared (PIR) sensor and 
provides 100% of its light. However, when the space around the wall pack is not occupied, it reduces 
output and saves electricity. The luminaire consumes 42W in high mode and is a full-cutoff fixture to 
prevent light pollution. 
 
The recommended retrofit for the 400W HPS luminaires is a 250W pulse-start MH luminaire 
manufactured by Daybrite. This luminaire also is full cutoff and consumes 288W of power.  
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Figure 6: Daybrite wall pack (left) and RAB lighting wall pack (right). Photos are courtesy of Daybrite.com 
and RABweb.com. 

3.0 ENERGY SAVINGS 
After the lighting audit, CLTC recommended lighting products and systems that would simultaneously 
meet lighting standards and provide energy savings. When applied across both the CSMS and AASF 
facilities, these retrofits will provide a demand savings of approximately 46 kW. This is a savings of more 
than 48% when compared with the incumbent lighting systems. These energy savings do not include 
savings from occupancy-sensing luminaires and daylighting luminaires. As a result, total energy savings 
actually will be more comprehensive than the energy savings outlined by this project.  
 
Table 4: Retrofit Demand Savings. 
 

Lighting	
  Scenario	
   Energy	
  Demand	
  (kW)	
  

Incumbent	
   96.86	
  
Retrofit	
   50.79	
  

Savings	
   46.07	
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4.0 ATTACHMENT A – PHOTOMETRIC MODELS 

 
Figure 7: Photometric Model - AASF Hangar with Existing Lighting. 
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Figure 8: Photometric model - AASF hangar with new lighting. 
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5.0 ATTACHMENT C – PRODUCT CUT SHEETS 
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