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D.3 Non-Residential DSM Measure 
Characterizations 

D.3.1 Sources used for the analysis 

1. eQUEST (DOE-2.2 engine) simulations based on the market profiles described in tlie previous 
section. " ; : . - • , . , ; • . 

2. Advance Transfonner 1 catalog .; ,-.•. - .." .-:;•...".:-. ':.;•, .:.".ii .., 2008. 

3. California Database for Energy Efficient Resources (DEER), 2004-2005 version 2.01. 
T .: _ .. _: .":7. cost and savings estimates. 

4. California Database for Energy Efficient Resources (DEER), 2008 update. Unpublished data. Cost 
and savings estimates. 

5. Minnesota Deemed Savings Database, unpublished data. 

6. Michigan Deemed Savings Database, unpublished data. 

7. RS Means Mechanical Cost Data, 2005. 

8. 2007 ASHRAE Fundamentals Handbook, HVAC applications. 

9. Xcel Energy - MN, Conservation Improvement Plan 2007-2009, July 2006. 

This section describes the non-residential energy efficiency measures analyzed for this study and the 
methods used to estimate savings. The section is organized by major end-uses such as lighting, heating, 
ventilation and air-conditioning ("HVAC"), and refrigeration. This section focuses on prescriptive 
measures, which are generally straight-forward measures that have largely uniform energy and peak 
demand savings on a per unit basis from application to application. However, even prescriptive measures' 
savings will have some variabilit>% depending on the specific application and baseline equipment 
replaced. 

Summit Blue chose to represent the commercial sector with three segments, office buildings, retail and 
restaurants. These three segments include a significant portion of the commercial floor area and 
consumption (see Market Profile in Volume 2) and diverse energy end-uses. 

Savings estimates ai'e based on secondary resources such as evaluations and deemed savings estimates 
from other jurisdictions (CA, MN, and Ml), and engineering calculations for climate 7?7dependeiit 
measures. For measures that are climate dependent Summit Blue used hourly simulations executed with 
DOE2-2 simulation software. For indoor lighting measures a combination of the techniques is used. 
Engineering calculations estimate direct energy savings from lighting measures and simulations are used 
to estimate the indirect savings from interaction with HVAC equipment. Each sendee territor)' was 
modeled with appropriate weather sites and the baseline models were calibrated against the Market 
Profiles developed earlier in the project 

In the industrial sector the measure focus is on lighting, compressed air, drivepower and HVAC measures. 
All other measures are aggregated into the custom line item. There are no HVAC interactive effects 
assumed for industrial indoor lighting. Custom Measures have more variable energy and peak demand 
savings on a per unit basis from application to application and might involve any qualifying technology. 
Ex Post results from a large Midw '̂estem utility company's Custom Program calibrate the custom measure 
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savings estimates. Custom measures might include, process or control improvements and holistic 
renovations of systems. 

Cost estimates are largely based on the CA-Database of Energy Efficient Resources (DEER) with costs 
adjusted with RS Means Mechanical Cost Data factors for Ohio. Measures can either be installed as 
retrofits or replace on burn-out ("ROB"). In the former the cost includes labor and material costs. In the 
latter, the measure costs generally exclude labor costs since those would still be incurred in the event of 
replacement with non-qualifying equipment. Some measures arc strictly ROB applications. 

D.3.2 Lighting Measures-Non-Residential 

The following lighting measures are often part of utilities' prescriptive non-residential Hghting energy 
efficiency programs. The major inputs for the impact estimates are the same for both baseline and 
efficient technologies: equipment connected Watts, hours of operation and interaction with HVAC 
equipment for commercial applications. 

Measure costs and measure lives are based on the Califomia DEER database. Costs are adjusted to the 
APCo Retail company area by regional cost factors from RS Means Cost Data. 

Compact Fluorescent Lamp - Screw-in and Hard-wired Fixtures 

Compact fluorescent lamps (CFLs) are the most common alternatives to standard incandescent lamps. 
CFLs are generally about four times as efficient as incandescent lamps, and last about 10 times as long. 
CFLs can either be screw-in replacements for incandescent lamps or plug-in lamps in fixtures specifically 
designed around CFL technology. The meastire life for a screw -̂in CFL is the life of the bulb or two to 
three years depending on the application. Plug-in lamps in CFL fixtures are assumed to last the life of the 
fixmre, because failed lamps must be replaced with comparable CFLs. 

T8 Lamps and Electronic Ballasts - Premium 

Premium TS lamps and electronic ballasts have the same market as regular T8 systems. They gain 
efficiency over regular T8 systems by the co-development of lamps and ballasts that optimize the 
efficiency of both when used together. Premium T8 technology is compared versus both a T12 and 
standard T8 baseline. This measure qualifies under the general lighting category, and indirect heating and 
cooling impacts are included and are estimated by eQuest simulations. 

T5 Lamps and Electronic Ballasts 

T5 lamps and electronic ballasts are a newer alternative linear fluorescent lighting system. T5 fluorescent 
lamps are 5/8 of an inch in diameter, thinner than both TS lamps and T12 lamps. T5 lighting systems are 
primarily used in new construction, and are not appropriate for most retrofit situations, as the lamps are 
only generally available in metric lengths. This measure qualifies under the general lighting category, and 
indirect heating and cooling impacts for the Commercial sector are included and are estimated by eQuest 
simulations. 

Daylight Sensors 

Lighting systems are designed assuming no contribution from ambient daylight. In areas where dayhght is 
available, artificial light may be unnecessar}'' and possibly detrimental to occupant comfort. Daylight 
sensors measure the contribution of ambient daylight and either turn-off or dim the lamps of the artificial 
lighting system. Savings were determined by eQuest simulations, assuming that perimeter zone (less than 
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12 feet from an exterior fenestrated wall) lighting is controlled by daylight sensors to maintain required 
lighting levels with continuous lighting level control. eQuest input data include location specification for 
the solar incidence angles and hourly cloud cover to describe available sunlight. Commercial HVAC 
interactions are included in the estimates. 

Occupancy Sensors 

Occupancy sensors automatically turn off the lights in a room or an area when the area is unoccupied. 
Occupancy sensors are an alternative to standard wall mounted on/off lighting switches. Savings were 
determined with interaction factors from eQuest simulations assuming that 10% of hghting is controlled 
by occupancy sensors with an average reduction of four hours of use per day. 

Delamping 

The definition of delamping used for this project is replacing a removing one lamp in a three-lamp, four-
foot fluorescent lighting fixture, and re-aligning the lamps in the fixture. This measure is intended for 
areas that are currently over-lit. Lighting retlectors are often used as part of delamping projects. The 
measure life for this measure is shorter because the fixture is assumed to have been in place for a period 
of time already. Savings from Commercial HVAC interactions were determined by eQuest simulation. 

LED Exit Signs 

LED exit signs are among the most efficient t\'pes of exit signs on the market. They generally only draw 
about two to three watts of power, compared to 15 Watts or more for CFLs, or 25 Watts or more for 
incandescent exit signs. Weighting of the baseline technologies was based on primary data collected for 
this project. Savings from Commercial HVAC interactions were determined by eQuest simulation. 

High-Bay Fluorescent Lights 

High-bay lighting is used in industrial settings for general ambient light. T5 and T8 fluorescent lamps can 
be used in place of more traditional high-intensit>' discharge (HID) lamps in specially designed fixtures. 
The advantages include higher efficacy (lumens/AVatt), greater lumen maintenance over the lamp life and 
better controllabilit>'. Savings are determined with engineering calculations, no HVAC interactive effects 
and 20% fewer operating hours due to control benefits. 

Pulse-Start HIDs 

Metal Halide pulse-start technology is a slightly more efficient t>'pe of HID lighting compared to 
traditional metal halide and high-pressure sodium HIDs. Special lamps and ballasts generate equivalent 
illumination in the same light fixture at lower power requirements. Savings are detemiined w'ith 
engineering calculations and no HVAC interactive effects. 

D.3.3 Non-Residential Motors and Other 

The following measures are either common and cut across end-use categories or they are specialized but 
generally found to be cost effective. 

Motor Efficiency 

Motor efficiency improvements can be achieved effectively during system specification and installation 
when new motors are purchased. Premium efficiency motors can be installed in place of motors that only 
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meet minimum federal efficiency standards detailed in the Energy Policy Act. Since many larger motors 
(greater than 30 horsepoewr "HP") are rewound after failure rather than replaced, an additional 
opportunity' exists by ensuring rewinds are performed to maintain motor efficiency. Steps like close 
control of baking temperatures, careful winding removal, and use of high-quality materials will help 
ensure that efficiency will not diminish during rewinds. Premium motors t\"pically exceed mandated 
Eenrgy Policy Act ("EPACT") efficiencies by 1-3% depending on the motor size. Motor cost data are 
based on sui^'eys of motor manufacturers (Baldor, Lesson, Marathon, GE, US Motors, Dayton) prepared 
for the 2008 update to the California DEER. 

VFDs for HVAC Application 

VFDs for HVAC applications are hsted separately because they lake advantage of the fluid affinity laws 
that show a cube relationship betw êen speed and power. These applications also have a more predictable 
use pattern than VFDs in industrial processes and conveyance applications. The latter examples would be 
included with custom measures. The baseline technologies for HVAC VFDs is flow throttling for liquid 
systems and vortex dampers for air applications. 

Compressed Air Controls 

Frequently call the fourth utilit>^ (after electricity, gas, and water) compressed air systems have many 
savings opportunhies, including; leak repair, efficient motors and compressors and staging, pressure 
optimization and receiver installation. These measures could be legitimately included in "Custom" due to 
the site specific nature of savings. We have estimated savings for Compressed air with benchmarks from 
the Compressed Air Challenge program run by the U.S. Department of Energy, and on a Midwestern 
utilit>^ custom compressed air program results and conservation plan^ .̂ Savings are listed per system 
horsepower. 

Convection Ovens 

These ovens circulate air inside the oven to enhance heat transfer to the food. As a result cooking times 
are shorter and lower temperatures are needed lo cook food. 

Spray Nozzles 

Pre-wash nozzles remove excess food debris from plates and reduce the use of hot water inside the dish 
washer. 

Hot Water Circulation Pump Control 

Small pumps will circulate domestic hot water throughout a facility' continuously so that hot water is 
almost immediately available at the tap. Controls, which turn off the pump at night, save pumping energy 
and reduce stand by losses in the water distribution system. 

D.3.4 Non-Residential HVAC Measures 

In the AEP Ohio Commercial and Industrial sectors space heating is split betw êen natural gas and electric 
l"ieat - primarily heat pumps. Summit Blue analyzed savings with both heating types for the market 
segments. HVAC Savings can occur through reducing the amount of heating/cooling required with 

^̂  Xcel Energy - Minnesota Conseivation Improvement Plan 2007-2009. 
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insulation and setting back thermostat settings or by improving the efficiency of the equipment and/or 
distribution process. 

Since HVAC savings are climate dependent, all of the savings for the following measures were 
determined with eQuest computer energy simulations. The measure baselines are derived from the 
calibrated models derived with the Market Profile. Savings are the difference between the simulation with 
the efficient technology and the simulation with the standard or code-compliant technology. Incremental 
costs are mostly based on the DEER database adjusted with RS Means Mechanical Cost Data 'location 
factors' to reflect Ohio labor and/or equipment costs.^^ 

Measure life for these items are base on the American Society of Heating Refrigeration and Air-
Conditioning Engineers, Inc. ("ASHRAE") depreciation lives and the Califomia DEER database. 

Variable Frequency Drives ("VFDs") for HVAC Application 

VFDs for HVAC applications are listed separately because they take advantage of the fluid affinity laws 
that show a cube relationship between speed and power. These applications also have a more predictable 
use pattern than VFDs in industrial processes and conveyance applications. The latter examples would be 
included with custom measures. The baseline technologies for HVAC VFDs are flow thi'ottling for liquid 
systems and vortex dampers for air applications. 

Efficient Packaged Commercial Air Conditioning Systems 

Standard efficiency units are specified as units wdth EER ratings of 10.1. Efficient units are specified as 
units with EER ratings of 10.4-13.0 depending on the equipment size. Summit Blue characterized a high 
efficiency unit with an EER of 12.2. 

Energy Management Systems (EMS) 

EMSs can effectively reduce energy consumption by optimizing equipment operation and/or scheduling 
equipment use by the time of day and/or time of year. Savings vary based on controlled equipment and 
the comprehensiveness of the EMS hardware and programming 

Economizers 

Economizers use outside air for cooling instead of operating the air conditioning compressors on mild 
days, particularly during the spring and early fall seasons. The analysis assumed an integrated economizer 
where 100% otitdoor air is used up to 65°F ambient temperature. During peak summer conditions 
economizers produce no peak demand savings. 

Programmable Thermostats 

Programmable thermostats allow temperatures to be automatically set warmer or colder during 
unoccupied periods to reduce heating and cooling energy use when facihties are unoccupied. We 
analyzed 5°V setbacks (set-ups in the summer). Since the impact of set-backs is typically off-peak, these 
thermostats have minimal peak benefits. 

' RS Means Mechanical Cost Databook, 2006. 
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Window Film 

Polymer films are applied to the interior of glazing to enhance the glazing attributes. Films will have any 
combination of the following effects: reduced visible and radiant energy from the sun (solar heat gain and 
shading), lower glazing U-factor and lower emissivity to keep heat in the building in the winter 

Cool Roof 

Light-colored or white roofs have a lower solar absorptance, thereby reducing the energy gains through 
the roof This behavior reduces summer cooling loads, but can increase winter heating requu'ements. 

Efficient Water Chillers 

Minimum efficiency standards for water chillers are established by state codes. Primarily through the use 
of variable speed drives and over-sized heat exchangers, standard equipment can be made more efficient 
for energy savings. 

D.3.5 Refrigeration and Custom Non-Residential 
Measures 

Refrigeration Measures improve the efficiency of the cooling plant and '̂or reduce the cooling loads that 
the system must satisfy. Measures that do not fit in the categories listed above are that have savings that 
are highly project-specific we group in this category. Custom measures is a catch-all category that might 
include special lighting systems, building controls, exceptional HVAC equipment or process 
improvements at a factory, for a few examples. Experience of other ufilifies informs this measure 
category. 

Motor cost data for Custom measures arc based on surveys of motor manufacturers (Baldor, Lesson, 
Marathon, GE, US Motors, Dayton) prepared for the 2008 update to the Califomia DEER. 

ECM motors 

Electronically commutated motors ("ECM) are DC motors that are more efficient than the permanent split 
capacitor motors they replace. Since they are used inside refrigeration cases they have the indirect effect 
of reducing refrigeration loads-

Multi-Line compressors 

Instead of one compressor per refrigeration unit, a multi-line system has several compressors that stage 
optimally to serve many pieces of equipment on the retail fioor. 

Oversized condensers 

Oversized condensers more efficiently reject heat from the refrigeration system and reduce the 
compressor loads. 

High Efficiency Compressors 

HE compressors provide gains over standard machines, primarily through the use of VFDs to modulate 
compressors to match loads. 
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Evaporator Fan Controllers 

Most w^alk-in cooler evaporator fan motors run continuously. Controllers allow the fans to cycle based on 
cooling demand. 

Strip Curtains, Night Covers and Glass Doors 

Strip curtains, night covers and glass doors are used to reduce losses from the refrigerated zones and 
products to the rest of the retail zones. They are parficularly deployed at night when they do not inhibit 
access to refrigerated products. 

Anti-sweat Controls 

To keep glass clear of condensation so the merchandise is visible, anti-sweat heaters typically run 
continuously. Controls cycle heaters based on humidity sensors and or on a timed basis. 

Floating Head Pressure Controls 

When outdoor temperatures are mild, condensed refrigerant can be cooled below default settings to 
reduce the loads on compressors. 

Custom efficiency 

"Custom" is a generic name for consumer-specific conservation projects. The magnitude of estimated 
potential savings is scaled to kW saved and is based on Midw^estcrn utility custom program results and 
conservation plan'^. Costs and measure lives are based on the same source. 

'̂  Xcel Energy - Minnesota Conservation Improvement Plan 2007-2009. 
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