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Annual Efficient Eneigy Use - ammal energy use with the efficiency improvement 
iDs1al1ed. calculated separately fur each measme and each energy source (eledric, gas). 

Efticient Load (electric kW, gas therms) - efficient load for each system and subsystem 
with opemting conditionj (as defined below). For example, efficient load will need to be 
calculated differently for staged condenser fims that have dift'aeot operating hours or 
multiple pumps that operate at varying speeds. 

Total Amlual Operating-total annual operatius hours for each system and subsystem 
with operating conclitionj (as defined below). 

For loads calculated based on metaiDg of full load or on equipment specifications: 

where .... .,,. 
''"'MW>,.,,. 
14-n'. 

j=. 

•• 

• .-aar.,,-~(nu.~ x ur,..,, x Bou-..,,) 

Annual Efficient Energy Use - ammal energy use with the efficiaJcy improvement 
installed, calculated sepamtely for each measure and each e1rergy so11rce (electric, gas). 

Efficient Full Load - the maximum opaating load of each efficient system and subsystem 
with operating conditionj (as defined below). 

Load Factor- fraction of full load for each efficient system and subsystem with operating 
conclitionj (as defined below). Typically less than 1.00 unless the equipment was sized to 
nm at 100% or rated capacity. 

If needed, LF could be cak:ulated 1iom a~ curve kW and FULL LOAD for 
distinct opcntiq conditions. This may arise when comparing efficient data with non
metered baseline LF ranges which are not based on a rep:ssion cmve. 

Total Amlual OpaatiDg Homs - total mmua1 operatins hours for each system and 
subsystem with operating conditionj (as defined below). 

System Condition - refers to each distinct combination of system mode, DUlllber of hours. 
full load demand, and load factor for each system or subsystem. Refer to example below. 

Number of Tams - total nwnber of tams needed to cover all conditions of affected 
syslaDs and subsystems. 
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Eftldent Case Colnddent Electric Demand (kW) 

Document the efficient case coincident electric demand for each measure according to one of the following 
equations: 

For variable loads: 
C £DAO.,, • AVtJ I'll LOAD.,r 

Where 

AVC PB wa., • Average Efficieat Load of all affected equipment durina the Per/om1a11ce Hours 
of 3-6 pm. weekday, non-holidays tiom June 1 -August 31 for a total of 19S 
hours. Includes non-operating time during the Pelfomtance Hours and is equal 
to total energy use during the Pelfom1ance Hours divided by the total 
Pelfom1a11ce Hours. 

For constant loads or loads without metered data: 

where 

c.r.oo.,, • 

,,, u. t.DMJ,,.". 

,,,...,,.. 

0..,,• 

ft !I 

• 
t: £OU.,, • ~ ('U£££0-..,, X ,,..,, M a'1.1") 

Average Coincident Efficient Load - Avenge Coincident Load of all affected 
efficient equipment during thePelfom1ance Hours of 3-6 pm. weekday, non-
holidays from .June 1 -August 31 for a total of 19S hours. Iucludes non
operating time dwins the Perfon11ance Hours. 

Efficient Full Load - the maximum operating load of each efficient system and 
subsystem during the Pelfonnance Hours with operating condition k (as defined 
below), exclusive of non operating time. 

Load Factor - fraction of Full Load for each efficient system and subsystem with 
operating condition k (as defined below). Typically less than 1.00 unless the 
equipment was sized to run at lOOo.4 of rated capacity. 

Coincidence Factor- the Coincidence Factor is the fraction of time lbat each 
efficient system and subsystem is operating during the Pelfonnance Hours for 
operating condition k (as defined below). The three typical condiiions for CF are 
as follows: CF is unity if the equipmeol is continuously on during the 
Pelfonnance Hours; CF is zero for each system or subsystem that is not 
opcnting durina the Pelfonnance Hours; otheiwise, CF is the mtio of the 'on' 
time to the total number of perfomJ81lce hours. 

System Condition - refers to each distinct combination of the system mode, Full 
Load demand, and Load Factor for each system or subsystem operating duriJ18 
the Pelfom1ance Hours. R.efer to example below. 

Number ofTenns - total Number of Tenns needed to cover all operating modes 
of affected systems md subsystems during Performance Hours. 

2010 Ohio Technical Reference Manual - August 6, 2010 
Vermont Ener&Y Investment Corporation 

31S 



KyPSC Case No. 2014-00280 
STAFF-DR-01-028 Attachment 

Page 316 of397 

The analysis shall include documentation of bow the load varies during the Perfonnance Hours. For 
constant load equipment, the analysis shall be based on the equipment load and operating schedule duriug 
the performance hours. For variable load equipment, the analysis shall address variations in equipment 
load and operating schedule during the performance hours. 

Additional analysis will typically be prepared to address the impact of the energy efficiency measure on 
customer peak demand Such analysis is aitical to calculating customer cost savings but should not be 
confused with the required calculation of the coincident demand during the performance hours. 

Baseline Case 

Basellne Technology MetbocloJosy and Description 
Energy efficiency retrofit projects involve the replacemeot of existing equipmmt prior to the end of its 
useful life in order to achieve energy savings. Therefore, the existing equipment may be used to establish 
the project baseline. The analysis must account for the remaining life of the existing equipmait, and if the 
analysis period extends beyond the remaining life of the existing equipment, the analysis shall account for 
increases in efficiency that would have occmred through autonomous efficiency improvements or 
equipment replacement that would have occurred at the cod of the existing equipment life in the absence of 
early retirement The baseline description shall detail the baseline tecbnology(ies) affected by the measure; 
including make, model number, nameplate information, and equipment rated capacity, condition, age, 
lifetime, usage, operating schedule, and controls. The baseline shall also account for upgrades to the 
equipment that would have occurred during the analysis period absent the early retiremmt of the 
equipment 

Retrofit of industrial processes typically yield multiple baiefits including aiergy efficiency, increased 
throughput, reduced waste, improved product quality, new product featmes, etc. Because of the multiple 
benefits derived from industrial process improvements, the charactaization of these measures does not 
cleanly fill into either the retrofit or equipment replacement category. In order to establish a rigorous 
indnstrial process retrofit baseline, the following should be consideml: 

Derived Baseline - based on documented Industry and Applicant Practice (as descn"bed below), the 
engineer perfonDiDg the analysis shall develop a reasonable project baseline. Clearly describe why the 
baseline and characterization of the project as retrofit is appropriate and demonstrate how the derived 
baseline accounts for autonomous upgrades in practice over the analysis period. 

Current Industry Practice - document cummt industry practice usin& articles from industry 
jomnals, BIA industry specific energy intensity figures, 746 and independent industry specific 
studies. Wbeie infonuation regarding industry practice is provided by IWlllllfactureis who sell 
produc:tion equipment within the industry, it shall be supported by independent resemch. 

Applicant Practice - document the coq>0nte practices of the applicant through annual reports, 
published papers, internal memos. and other documents that indicate the business practices of 
the applicant relative to CUD'ellt practice in the industry. Document the practices and equipment 
within the facility receiving the upgrade. For instance, if an injection moldina manufacturer is 
replacing hydraulic machines with electric machines on an annual basis, usin& the hydraulic 
equjpment as baseline may not be representative of the actual baseline. For production 
equipmalt replacements, a Process Integration Study747 is a strong tool in documenting the 
project's focus on energy efficiency and the optimization of energy use. 741 
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Baselioe Energy Inttmity - for industrial process, the baseline should be defined in terms of energy 
intensity and normalized to reflect the expected variations in production over various production 
cycles749• 

Describe in detail 1be method used to establish the energy use unda' baseline conditions. If metering was 
used; explain the methodology, how this is representalive of typical annual opaation and how the collecled 
data was llOl1Dalized to amma1 opcration as descn"bed in Section 4. 

Baseline Case Amlual EDelV Use 
Calculate the muwa1 eae:rgy use for the baseline equjpmeat and systems using the methodologies outlined 
in this protocol and all refereoced and applicable standards. 

The total baseline energy use shall be cakulated separately for each enetgy source (e.g. electric and gas) 
according to the following equations. 

For loads calculated from a regression analysis (e.g. kW vs. Temperature as desm'bed in Section 4) the 
following equation shall be used: 

BOU~• 

... 
•nor-•~(• .LOAl.\'a•r X llOU•,,.._) 

Annual Baseline Energy Use - Ammal Energy Use for baseline equjpmeot calculated 
separately for each measure and each energy so11rce (eleclric, gas). 

Baseline Load (electric kW, gas therms)- Baseline Load for each system and subsystem 
with operating conditionj (as defined below). For example, Baseline Load will need to be 
calcu1ated differmt1y for staged condenser fans that have clift'aent operating hours or 
multiple pmnps that operate at varying speeds. 

Total Ammal Operating Hours - Total Amrual Operating Hours for each system and 
subsystem with operating conditionj (as defined below). 

For loads calculated based on metering of twl load or on equipment specifications: 

""' £0.tO,- • 

. -
•••-•~(nu. £DA~ x ~-x 11onr,,....) 

Annual Baseline Energy Use - Ammal Energy Use for baseline equipment calcuJated 
separately for each measure and each energy sOUl'Ce (electric, gas). 

Baseline Full Load - the maximum operating load of each baseline system and subsystem 
with opaatiog conditionj (as defined below). 

7• Rlllll, Michael, Lawreace Bate1ey National Laboratory, et. al. (2001) A Process-Step BellchmaddDg Approacb to l!oagy Use 
at Industrial Pac:ilities: Pnmp1es ti'om the lroo and Steel and Cement IDdumies; Process _Step 'Be9':hmarli ing_ACBEE _ LBNL-
50444.doc 
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Load Factor - fi:ac:tion of Full Load for each baseline system aud subsystem with 
operating cowtitionj (as defined below). Typically less tbau 1.00 unless the equipment 
was sized to nm at 100% of rated capacity. 

ROllq,_ • Total Ammal OpentiDg Hours - Total AmlU8l ()paatins Hours for each system and 
subsystem with opaatiog condition} (as defined below). 

i= 

•• 

System Condition - refers to each distinct combination of system mode, number of hours, 
Full Load demand. and Load Factor for each system or subsystem. Rd'er to example 
below. 

Number of Terms- total Number ofTenns needed to cover all conditions of affected 
systems and subsystems. 

Basellne Case Full Load Demand 

Document tbe baseline case coincident electric danaod for each ~ acconliaa to one of die following 
equations: 

For variable loads: 
c LO.a_- Ava"' r.o-.. 
~v• MID.to.-• Average Baseline Load of all affected equipme:ot duriDs the Perjormanc.e Hours 

of 3-6 pm, weekday, non-holidays &om June 1 -August 31 for a total of 195 
hours. Ioduda noJHJpenting time during the Peefonnance Hours aud is equal 
to total energy use during the Perjonnance Hours divided by the total 
Performance Hours. 

For constaot loads or loads without metered data: 

• 
C £0.tO., • ~(l'UU.£0A0au. X ,.,._ M t:JPu.) 

whae 

Cl.O.U...• Average Coincident Baseline Load - average coincident load of all affected 
baseline equipment during the Perfonnmic.e Hours of 3-6 pm, weekday. non
bolidays ftom Jmie 1 - August 31 for a total of 195 hours. Includes non
operatina time during the Performance Ho11rs. 

Baseline Full Load - die maxiguun operating load of each baseline system aud 
subsystem during 1he Perfonnanc.e Hours with opentiDs condition k (as defined 
below), exclusive of non operating time. 

Load Factor - traction of Full Load for each baseline system and subsystem with 
opaating condition k (as defined below). Typically las than 1.00 unless the 
equipmad was sized to nm at 100% of rated capacity. 
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Coincidence Factor - the Coiacidence Factor is the fraction of time that each 
baseline system and subsystem is operating durin& the Perfom1ance Hours for 
opaating condition k (as defined below). The three typical conditions for CF are 
as follows: CF is unity if the equipment is continuously on during the 
Peefonnance HOIO"S; CF is mo for each system or subsystem that is not 
operating during the Performance Hours; Olberwise, CF is the mtio of the 'on' 
time to die tolal llUIDba" of performance hours. 
System Condition - refers to each clistioct combiuation of the system mode, Full 
Load denvmcl, and Load Factor tOr each system or subsystem operating during 
Perfonnance Hours. Refer to example below. 

Number ofTerms-to1al Numba- of Terms needed to cover all opentjng modes 
of affected systems and subsystems during Performm1ce Hours. 

The llD81ysis shall iDclude doc:ummtation of bow the load varies during the Performance Hours. For 
CODS1aDt load equipment, the analysis shall be based on the equipment load and operating schedule during 
the Performance Hours. For variable load equipmmt. the analysis sbaD address variations iD equipment 
load and optllltiDg schedule during the Performance HOUTS. 

Addilional analysis will typically be prepared to address the impact of the baseline equipment on customer peak 
clemaD«I Such analysis is aitical to calc:ulating customer cost saviup but should not be coufi•sc:d with the required 
calculaticm of the coincident demand during the Perfomumce Hours. 

SaWlp 
Savings shall be calculated from the efficient case and baseline case energy and demand calculalious from above. 
Address project variables as descnl>ed in Section 3 and agrepte so that iuteradive effects are accurately 8CCOUDted 
for in the analysis. 

Anaual Eueqy Savlnp (kWla for eledrtcaJ, therms for ps) 

••nor_. - ••nn...-•aa.,, 
where 

Colnddent Electrlcal J>tamand Redudlon (kW) -

where 

C £0.tO.- and C £0.U.,, are defined above. 

Section 3: Project Variables 

Accurately capturiDs and donnneutiug the variables that affect amwal eoqy use and saviDp as well as those 
affecting peak period demand coincidence are aitical elemeuls in developiug meauiugful and reliable energy 
saviDp estimates. The savings analysis shall consider and address the variables over the life of the measure for both 
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the baseline and efficient case. Uncertainty in variables shall be quantified and the savinp analysis shall clearly 
demonstrate transparency and reasonabl~ in definition and application of variables affecting energy savings750• 

The variables below are common to many custom energy analyses. Docmnent the variables that affect the energy 
use of the project for both the baseline and efficient scenarios and delineate the methods used for data collection (i.e. 
meter data, trend logs, manuf.acturer data, custom.er intetviews. production lop, etc.) and any uncertainty associated 
with the values used in the analysis. Au. savings c:alculatioos must be normalized to reflect consistent application 
of the assumed variables for the project UDder both baseline and post installation conditions over the full range of 
operating conditions for the affected systems. 

Load Cbaraderlzatton 
Accurate cbaracterization of the baseline and efficient energy use involves a comprehensive analysis of all variables 
that affect the loads over the analysis period. Concepts that are commonly used in performing energy analysis are 
discussed below. In all cases it is the intent of this document to require 1hat the variations in load due to all factors 
(weather, production, schedule, etc) are accounted for in the analysis. 

LoadSbape 
The load shape reflects variations in load over the COUIX of a year, with specific attention paid to the peak 

periods defined by the affected utility and/or regional ttansmission organil.ation. The load shape should 
captme the expected period at which the load will operate at full load (full load hours) as well as all part 

load and non-<>perating or standby-modes. For higbly variable loads, development of an 8760 load shape 
will increase the accuracy of the analysis and the reliability of claimed demand reductions during peak 
periocls7S1. 

LoadFador 
Load factor is the ratio of maximum energy demand to the average electric demand for the affected end 
use. Analysis ofloacls aaoss a representative sample of operating conditions can generate a single load 
factor for constant load applications. For variable load applications, a series of load &ctors must be 
developed to accurately repiesent the variations in energy use unc:la' the variety of loading conditions that 
occur over the range of operating cycles in a typical calendar year. Variable load analysis shall address the 
variations in load factor over a one year period for all dependent variables. 

Pnk Load Fador 
Peak load factor descnbes the variation between the maximum connected load of the equipment and the 
highest actual load of the equipment. In some cases the peak load factor is unity. For oversized equipment 
it is frequently less than one. ID some rare instances where equipment is operated above its rated load, the 
peak load factor may be greater than one. 

Coincidence Factor 
Coincidence Factor is the coincidence of the demand savings during the peak performance hours. For 
custom measmes, the ava-age coincident demaod, including noo~ooal ho1D'S, is typically directly 
determined by metering the pre- and post-installation condition and a coincidence &ctor is not used in the 
calculations. However, in some cases, the use of a known or predetermined published coincidence &ctor to 
calculate the coincident peak reduction for a project may be appropriate. 

Another example of the use of an explicit coincidence factor arises in cases where the baseline demand was 
not metered and the efficient demand was metered. For a stepped demand device such as a high efficiency 
compressor, for example. a coincidence factor can be calculated and applied to the baseline equipment to 
address the &ct that the baseline operating schedule used in the calculations should be the same as the 
efficient ope11ting schedule. ID this case, the coincidence factor is defined as the ratio of average meteted 

m Aane Arquit Niedmbqer, PbD, A+B Intemalional (2005), Baseline Methodologies for Industrial End-Use Efficiency 
Presentation. Presented at World Bank; Anne_Arquit_Niederberger_Iadustly_EE_CDM_Dec_OS.xls 
"' Patil, Yogesh. et. al. (Aug, 2009) "TaJciq fDBlneering S8viDgs to the Nm Level, presented at IEPBC 2009 bUR:Uwww.crs
inc·com'im!!'es/~yipptorpflml.pdf 
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demand for the peak performance hours and max •equipment on' demand when operating. If the equipment 
is operating continuously for the full peak performance hours. then the coincidence factor is 1.00. 

Operating Conditions 
Characterize all variable operating conditions lbat affect the load over the analysis period. Typical operating 
variables are outlined below. Additional &ctors may be required to accurately characterize variability in equipment 
operations and the energy savinp resulting from eoeqy efficiency measures over the full range of operating 
conditions. 

Operattn1 Roan 
Establish the baseline and post-installation operating hours for all affected equipment using logging. 
metering, and/or DDC trending for a representative period of not less than one week. Address all variations 
in operating schedule over an annual opemtiog cycle including, but not limited to weekends, holidays, and 
shift or occupancy changes that are a result in cyclical cbaoges in operations over the course of a year. {For 
example retail applications may have longer operating hours in November and December). Project analysis 
shall clearly identify all operating, non-operating, and standby hours, the related loads, the periods for 
which those conditions apply and the basis for the assumptions in the analysis. Special attention should be 
paid that die hours of Coincidellt Peale (3:00 - 6:00 weekdays from June 1 through August 31) are detailed. 

Weatller 
For wealher-dependent projects, the analysis shall address the impact of annual weather. including 
temperature, humidity, and solar incidence (where applicable) on energy consumption. All savings (energy 
and demand) should be normalized to the TMY3 (Typical Meteorological Year) that corresponds to the 
nearest 1MY3 weather site using modeling and/or ieession analysis. TMY3 data should be obtained 
from National Renewable Energy Laboratory (NREL"'") and used as the 8760 weather file to model and/or 
normalize annual energy use for weather dependent measures. Modeling tools, such as eQuest'55• currently 
use TMY2 data. TMY3 data is based on more-recent and more accurate data and is available for many 
more locations; TMY3 data is available for over 1,000 locations, where TMY2 data is available for fewer 
than 300 locations. 

Projects with hourly correlation of metered or utility billed usage to local weather conditions should be 
done using National Oceanic and Atmospheric Administration (NOAA~ or NREL data. NOAA weather 
data is available for a small fee downloadable from the Intemet and is typically the most accurate and 
complete historical local weather data set NREL data is me but typically has some gaps in the data and is 
emailed in response to specific requests. Caution should be exercised when using non-government 
generated weather data as it may not meet accepted standards for quality and accuracy. 

Production 
Project analysis shall reflect variations in production over the cycles within the analysis period. Variations 
can include such things as the number of shifts or changes in quantity or type of product manufactured. 

For industrial process measures, production documentation shall normalize energy use based on the energy 
intensity of the process (ie. energy use pe:r unit of output) over the lifetime of the measure for both the 
baseline and efficient cases. Measurement of output should be based on physical measures of cndpUt (i.e. 
ton of steel or paper) and capture variations in both production levels and manufactured product types over 
the analysis period for both the baseline and efficient case755• For metered projects, document production 
output duriog metering periods; work with plant persoonel to ensure logged production data accurately 
reflects changes in production over the metering period. 

7» Typical Meteorological Data ('IMY3) • bgptlm:dt; msbspylsgWigld dell/mrdhft92J •2QM/Jmy3/ 
m DOB2 eQuest simulation software • IM1pjllwytw.doe2.ccm'eguestl 
754 NOAA local weather data • h&tp;l/cdp eek' R' p/QF'nl/QC.cD?,priqc=N 
755 Ruth, Michael. Lawrence Berkeley National Laboratory, et. al (2001) A Process-Step Bencbmadtini .Approach to Energy Use 
at Industrial Facilities: Examples from the Iron and Steel 8Dd cement Industries; Process_Step_Bencbmaddllg_ACBEE_LBNL-
50444.doc 
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Assumptions iegardiog economic climate, changes in production levels, and shifts all affect calculated 
energy savll1p over the life of the measures. Develop reasonable assumptions regarding these variables 
and ensure the application of these variables is clearly identified in both the analysis and project 
documentation. Ide.otify the uncertainty introduced into the energy saviop estimates as a result of these 
assumptions. 

Process tlow charting for manufacturing and production is recommended to clarify ene11Y use and demand 
impacts for each stage in the process756

• 

Controls 
Control settings and level of control shall be accounted for in the analysis. Clearly document the baseline 
control points that affect energy use, the control setpoints, sequence of operation and accuracy of controls. 
Clearly document the changes in these conditions for the efficient case. Include relevant information such 
as commissioning of conbol points, potential manual ovelrides of control sequences and anticipated control 
point calibration over the life of the measure. 

Occupancy 
Where occupancy atfccts eneqy use and varies over time, capture the variations in occupancy and their 
effects over the analysis period. At a minimum there is typically an 'occupied' and an 'unoccupied' mode 
for any facility. 

Assumptions regarding economic climate and shifts in hours of occupancy aft'ect calculated energy savings 
over the life of the measum. Develop reasonable assumptions regardins these variables and ensure the 
application of 1hese variables is clearly identified in both the analysis and project documentation. Identify 
the uncertainty i.otroduced into the energy savll1p estimates as a result of these assumptions 

Interactive Effects 
Analysis shall explicitly accouot for interactive effects between IDC8SUICS. For projects that include both 
prescriptive and custom measures, account for the energy use reduction ftom the prescriptive measure in the custom 
measure analysis. As presaiptive measures include intemctive effects themselves, it will be necessary to remove 
the intemctive effects from the prescriptive measure before including the enersY use reduction in the custom 
measure analysis. Document the melhodology that is used to ensure that savings from the intemctive effects are only 
accounted for once in the claimed savings. 

Interactive effects should be accounted for even if the technologies involved in the interactive effects are not the 
subject of energy efficiency improvements or claims UDder other programs, otherwise savings for custom measures 
may be overclaimed. The energy analyst should be aware of and request infonnation about other changes or 
maintenance at the facility that may not be directly related to the custom measure project, or any other claimed 
project, and shall account for these changes in the analysis if appropriate. 

One common set of interactive effects is the impa~ of electrical energy efficiency measures within a facility on that 
facility's heating and/or cooling load. These shall be addressed as follows: 

Waste Beat 
For efficiency upgrades that reduce the rejection of waste heat into air conditioned spaces (i.e. evaporator 
fans in a reftigerated enclosure), quantify the reduction in beat rejection757 and the associated cooling 
reduction. 

Headag Increase 
For efficiency upgrades that reduce the rejection of waste heat into heated spaces, qwmbfy the additional 
beatina fuel required to offset the change and maintain temperature within the space14

• The analysis shall 
address heating system efficiency and include basis for assumptions regarding fossil fuel increases. 

7" Doty, Commercial Energy Auditing Reference Haodbook, p. 65 
m 2009 ASHRAE Handbook, pu!Klamenlals, Chapter 18, page 18.3. 
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For projects with multiple measures, the procedure for interactive effects is to calculate savings for the longest lived 
measure first, then consider that measure's impact on the next longest-lived measure, and so on. This is because a 
short-lived measure can affect savings from a long-lived measure, but only for part of its life. Since tracking systan 
limitations require that annual measure savinp remain constant for all years, this is the only way to ensure proper 
lifetime savinp and total resource benefits are captured. As an example; cah'brating DDC controls can increase 
savings at the time of chiller replacement. Since DDC c:onlrol cah'bration bas a relatively short measure life. the 
DDC cah"bration will aft'ect the savings of the new chiller only for the first few years of its lifetime. Whal the 
cah'bration measure expires, the consumption of the new chiller will increase and the savings associated with the 
chiller measure will decrease for the iemainder of the chiller's lifetime. If DDC calibration is calculated first. lbe 
chiller savings in the project will be owntated. 

MeasareUfe 
Document both the life of the baseline and efficient case equipment. If the baseline equipment measure life does not 
extend over the entire analysis period, the aoalysis shall include assumptions regarding replacement of baseline 
equipment at the end of its life. The efficient case analysis is typically performed over the lifetime of the efficiency 
measures. Where the analysis period and the efficiency measure life are not the same. descn'bc the rationale for the 
analysis period and assumptions reprding replacement equipment for measures with lives that are shorter than the 
analysis period. 

Penlstence 
Persistence filctors may be used to reduce lifetime measure savings in recognition that initial engineering estimates 
of annual savings may not persist long tenn7SI. The persistence factor accounts for uncertainties and for normal 
operations over the life of the measure. For instance if energy efficient motors are installed as part of a process and 
the customer's standard procedure is to have motors rewound upon failure. the energy efficiency associated with the 
efficient motor would only persist until the expected time when the motor is rewound. Persistence is also affected 
by measures being removed or failiug prior to the end of its normal engineering lifetime, improper maintained over 
the life of the measme, control ove:aides or loss of calibration (controls only). etc. 

Related Variables: 
Related variables are those which are not included in the energy and demand calculations, but may be required for 
project cost-etfectiveness screening by the utility(ies}. Document the following variables for the project: 

Operatton &Maintenance (O&M) Impacts 
Where O&M practices would have resulted in changes to the baseline during the analysis period. account 
for such practices in the establishment of baseline and efficiency case energy use. 

Water Comumptlon Imparts 
Quantify any changes in water consumption attributable to the project. 

Cost 
Document the cost of each measure. Include invoices, bids and other documentation to substantiate project 
cost datL Identify portions of the cost which are for equjpment being purchased for redundancy or backup 
and will not generate savinp in the project. Related costs such as the costs for audits, design, engineering, 
permits, fees or M&V should be rq>Ol1ed separately from the costs associated with the design and 
installation of energy efficiency improvements. 

Other Variables 
As needed - clearly documeot all variables affecting the energy use of the project that have not been covered in this 
document 

Section 4: Documentation and Metering 

79 Bflici~ Vermont Teclmical Reference User Manual (TRM) Measure Savinp AJgorittuDa and Cost Assumptiom, February 
19,2010 
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Dncummtation and~ of custom projects are essential to developing reliable encqy savings and peak 
demand reductions clallm. The following guidelines support the accurate estimation of energy and demand 
savings. 

Data and Metering 

Doc:umeot bow the data will be collected and utilized in the savings analysis in a Measuremeat and 
Verification (M&V) Plan. The Custom Analysis Template (Appendix B) can be used as a tool to documait 
lbe M&V plan and aoalysis780

• 

Iaterval and Utmty Data 
Utility interval data may be used in the analysis where available and applicable. Jotemd data is deemed 
applicable when lbe Older of maguitude of the custom measure can be distinguished from the other loads on 
the meter. If die load on the utilify meter is highly variable, the custom measure would need to be a larger 
porticm of the overall load in order for 1he savings to be dctennined from the utility data. Typically inteMd 
data is available in 15 minute increments; the shortest period available for interval data should be used in 
the aoalysis. Whae interval data is used, the analysis shall follow the requirements of IPMVP Option C -
Whole BuiJdioa Analysis71H. -

For measures which affect gas usage ooly. utility data is typically the primary means of quantifying 
savings. However, use of upstream metering equipment such as flow meters is mcourapd to improve the 
accuracy of gas savings calculations. 

For completed mercantile projects in existing &cili.ties, analysis shall include two - three years of utility 
billing information from years PRIOR to measure in.citallation and up to three years of utility data post
installation in accordance with PUCO requjremmts. 

Meter Data 
Accuracy of all metering and measurement equipment shall be documented in the M&V Piao. 

Document lbe metering me1bods ilicludiog equipioait type. location of metering equipmeD.t. and equipment 
set up process, as well as metering duration and timeframe for which data was collected. Capture all 
variables that affect eneqy use of the measures during the metering period as outlined in Section 3. 
Descn"be how the metered data, including timeframe and operational filctoJS at the 1ilDe of metaiDg, relate 
to lbe operational conditiom that occur over the course of a year. Provide photoaraPhs of meta" inslallation 
and clear documentation of meta" llUlllbers and the ~equipment names of the equipmmt being 
metered in the project documentation. Meta" data files should clearly identify the equipm.mt to which the 
meter data applies. 

For variable loads, three-phase power data loggers sball be used to collect electrical power data for systems 
and subsystans of the custom measure762. For constaot loads, accurate spot reading of the load coupled 
with runtime logging is an accc:p1able metering methodology. Temperature and time of me loggers can be 
used to meter proxy variables, equipmmt status. and mldimes. Ensure that proxy variable metering yields 
calculated kW values in compliauce with PJM Section 11 requiraneots. 

'Ibree-phasc power data loggers shall record: amperage. voltage. power factor, and kW on all phases as 
well as 1he totals for each variable. All electrical power metering shall adequately account for 

7" Partin. Kathlyn, et. al (August. 2009 IEPBC) "Demand R.eduction in tbe Forward CBpaci1y Madcet, Vaifyjng the Efticieoc:y 
Power Plant" 
._ IPMVP, Volume m, Part I, January 2006, Cbapter 3, page 7 tbrough 10, and PJM Maaual 18Bi April 2009, section 2, page 10 
~14 
7411Intemational Pec10rmaDce Meam and Verification Protocol CODcepls and Pmdices for DetenniaiDg .Energy Savings in New 
CaaslnlCtioD, Volume m, Part l, Jmmary 2006. 
7lliZ PJM Manual 188: Energy Eflicieacy Measuremenl and Verification, Rev. o. Section 11, Efi'ec:tive date: April 23, 2009; PJM 
M&:V Manual approved 4_09.pdf 
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barmonics763. Loggins shall capture equipment load under representative operating conditions. The time 
period of logging shall be adequate to represent variatiom in load 1bat will occur over the analysis period. 
Where feasible, use metering or data logging to capture variables aft'ecbna load during the metering period. 
Where variables c:aanot be captured using meters or data loggers, institute and clearly doc:umeot a melhod 
for accurately capturing variables, validating non-metered data, and aliping it with metued data. 
Metering periods shall be a mjnimnm of one week, includins a weekend, for CODStallt load equipment and 
at least two weeks, including weekends, for variable load equipment, but as noted above, must be long 
enough to captme representative variations in load expected over the eotile 8D8lysis period. 

lntepatinglaverqing three phase power meters are desirable. Power metering accuracy requiremmrts are 
outlined in PJM Manual 188764 and RLW Analytics Review of ISO New 'Fngland Measurement and 
Verification Equipment Requiremmts765. Metering intervals shall be the smallest time interval that will 
permit acquisition of data over the mini1111un required metering period. For short-cycling or modu1ating 
systems, 30-second or 1-millute data intervals are preferred, with a maximum recommended intaval of 5 
mjm1tes. For constant load systems, the metering interval can be longer. No metering intaval should 
exceed lS minutes. Clearly doamient how meter intervals and meter periods capture the ,expected load 
variations for the project. 

Meters and data loggers shall be synchronized to the NIST time clock, mid dift'aeaces between the time at 
the facility and the NIST time seniDs should be noted when the meters are installed. 

DDC/PLC Monitor Data 
Use of DOC and PLC monitoring software treads in the aoalysi.s is acceptable provided that the seasors are 
calibmted on site using calibrated test instruments and the results documented by the enagy analyst before 
the metering period OOIDIDC!llCes. Review and submission of mmua1 eqoipmeot calibration records for DOC 
sensors and metering equipment is a less desirable, but acceptable altanalive to cab Oration of DOC 
equipment as part of the project Timestamps for treads should be set up to coincide with those of any 
concmraitly deployed dala loggers to enable accurate data analysis. 

LoadProtoes 
For measma with well established and reliable load profiles, the load profile can be a useful tool for 
detamining savings. Load profiles are most reliable wheo used for common measures in typical 
applications, such as office ligl>ting projects. 'I)pically. load profiles should not be relied on whae project 
peak demand savings exceed 20 kW. 

General Procedures tor Data Analysis 

Data CleaDID1 

It is usually necessary to 'clean' the raw data before proc:eeding with the analysis. The following data 
cleaning tasks are typically required. 

Ensure that the timestamps match between datasets (e.g. for conameot kW and temperature datasets). and 
that any gaps in the data which are not represmtative of typical operation have been addressed by 
intmpolation or other means. IntmpoJated or derived data shall be ftagged, and the method used to fill in 
data gaps shall be described. 

Note that in p1q>aring the data for use in the 8760 analysis, there will likely be blocks of time during the 
metering period that will be analyzed differently. For mnnple, during regular business hours, a load may 

76J PJM Manual 188: J!ner1Y Eflic:iency Measunment and Verification, Rev. O, Section 11, Effective da~: April 23, 2009; PJM 
M&V Manual approved 4_09.pdf 
.,.. PJM Manual 188: J!ner1Y Efficieocy Measurement aod Verification, Rev. 0, Effective dale: April 23, 2009; PJM M& V 
Manu8l approved 4_09.pdf 
.,., RLW Analytic:s, Review of ISO New BnaJancl Measurement aocl Verification P.quipmmt RequiRmemB, Final Report. April 
24, 2008 Prepared for: Nordieast Energy Rfficiency PatnerslUps' Evaluation aod State Program WoJkiug Group; RLW Metering 
Report.pelf 
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be temperature dependent. and the data will be analyzed using a regression analysis of kW vs. outdoor air 
temperature, whereas the same piece of equipmc:ot on the weekead may have a constant standby load, and 
is thus schedule driven and non-temperature dependent on the weekends. Different blocks of the 8760 
hours in a year will be populated ftom the separate analyses of the distinct blocks of meter data. 

Amaaallzatloo and Analysts Approach 

The recommended approach to 1DD11a1izauon of meter data and savings calculations is an 8760 analysis746• 

'Ibis approach inberendy captures seasonality and peak period variability on an howty basis and is 
th~fore more accurate than other traditional methods such as binned analysis. 

Typical approaches to analyzing custom measures include: 

• Demand vs. temperatme analysis for temperatme dependent measures. 
• Daily operating profiles for schedule-driven measures 
• Cyclical production profiles for productio~lated measures 

These methods should address part load performance, and may employ different metrics such as: 

• Demand vs. percent capacity 
• Demand/Ton vs. percent capacity 
• Demand vs. hours 
• Demand per too. pound, cubic foot or quantity 

Cakulatloos 

Clearly document all calculations. Indicate how the meter data is used io the analysis and why this is 
appropriate for the measure. Meter data used in the analysis shall be clearly distinguished ftom data not 
used in the analysis. 

Computer simulation of energy efficiency measures based on meter data using 8760 hourly simulation 
models such as eQuest, or customized spreadsheet analysis or olher energy analysis tools can be employed 
to calculate energy savings. The algorithms of the modeling software must be designed to address the 
custom measure. Minimum documentation requirements include model output reports stating uomet load 
hours for the baseline and efficient case, hoW'ly energy use and demand, and electronic copies of the model 
or spreadsheet analysis files. 

Annual kWh and therms for baseline and efficient cases shall be the •moualized and nonna1ized per the 
equations in Section 2 using the methods described above. Coincident Electrical Demand (kW) for baseline 
and efficient cases shall be calculated ftom meter data as the average kW over the Per.formance Hours as 
indicated in Section 2. Calculation documentation shall include definitions and reference sources for all 
variables and assumed factors in Section 3. 

Documeatafloo 

Analysis shall be documented with comp1ebensive, well labeled supporting information including. but not limited 
to: 

Manufacturer litenture documenting comiected load for both the baseline and the installed equipmmt or 
manufactmer data documenting the information necessary to calculate peak demand (such as horsepower, 
wltage, efficiency, etc.). Manufacturer data shall be clearly marked to indicate the specific equipment 
model number and data that is applicable to the project and used in the calculations. 

7*' Palil, Yogesb, et al. (Aug, 2009) "Taking~ Saviop to the Next~ presented at IEPEC 2009; hUp:l/ww1urs-
Wwzm(W!ft"""'tis~pdf ~ • . ~ -
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Where citing oameplate ratings in die aoalysis, provide a siogle photograph of the nameplate clearly 
showing die cited infonoation and identifying the specific equipment to which the aame plate information 
is applicable. 

Manufacturer data shall be adjusted to reflect actual site operating conditions. Document calculation of the 
adjusted connected load reflecting metered on site conditions. 

The following melrics and delails shall be reported: 

• All infonnation required in this protocol 
• M&V Plan/Analysis Template 
• Regression R2 values fur fits of demand vs. proxy variables. 
• Cleaned meter data (raw data shall be included as an appendix) clearly indicating which data was used in 

die savinp aoalysis 
• Discussion of approach to anomalies, outliers. interpolations and extrapolations in the aoalysis 
• Assessment of the level of UDCertainty associated with the energy and demand calculated sa~. 
• Project commissioniq can reduce mc:rgy use and is recommended. If the project was commissioned, 

submit a copy of the commissioning report 
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This protocol defines the requjrements for aoalyzing and docnmeoring commercial and iodustrial energy efficiency 
measmes. It applies to custom measures filed Wider Utility Programs and those prepared for Mercantile Customers. 
This protocol addresses new construction projects that are not covered by other analysis methodologies in the TRM. 
A new construction project is defined as a new buildiq, major renovation and/or an addition as defined in the 
applicable building codes. 

This protocol is intended to address the energy impacts of the incremental energy efficiency improvements over 
what would have been built as per applicable state and local codes. Projects that include duplex, iedundant and/or 
spare equipment sball calculate the energy savings based only on the operating equipment and systems. 

This aoalysis protocol is supplemented by a glossary and an Analysis Template (Appendix B). Words used herein 
that are defined in the glossary are in italics. The Analysis Template is a tool that can guide applicants in preparing 
and presenting the documentation to support custom new construction energy efficiency measwe savings estimates. 

The Analysis Protocol is divided into four sections: 
Section 1: Project IDfonoation 
Section 2: Project Savings 
Section 3: Project Variables 
Section 4: Documentation and Modeling 

Section l: Project lnformatton 

Project Title 
Provide a unique title for the project so that it is easily distinguishable from other projects prepared by the same 
customer and from projects with similar scope. F.xample: Company XYZ Building A - New C.Ompressed Air 
System Installation. 

Customer Name 
Provide the name of the company undertaking the energy efficiency improvements. 

Customer Contact 
Provide the contact information including name. title, mailing address, phone, and email for the primary customer 
contact on this project 

Site (LocaUoa) 
Provide the full address of the site at which the project is being implemented. If the customer bas an additional 
business location that is involved with the project, include additional customer site information as needed. 

Sector/Industry DescrlpUoa and NAICS Code 
Describe the sector and industry in which the custom measure is being applied. Sectors include: Industrial. 
Commt:rcial, Institutioual, and Multi-family. Industry should specify the ead use for commercial and institutional 
projects (e.g. office. iestaurant, dormitory) and the specific industry for IDllllUfBcturin projects767• 

Uttllty(les) IafOrmatlou 
The name of the affected utility(ies) serving the customer. Provide all relevant account and meter information for 
electric and gas accounts and meters affected by the project 

Propam 
Identify the program under which this project will be submitted and why the project falls under the program. 
Projects submitted under existing utility programs should identify the program under which the project application 

161 2001 NAICS; North American IDdustry Classification System; bl!D:l/MywStf'!" apy/cai-bjp/psdlpajs:slmjgn?dwt=2Q07 
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will be filed and the U1ility-specific identifier for the project Projects beins submitted under the Mercantile 
Program should so indicate. 

ProJectll'ec:bnolol)' DescrlpUoa 
Descn'be the energy usiDa equipment and systems affected by the project in lay tenm. Ioclude specific information 
repntiDg industrial process technologies. 

Project Implementation Sclledale 
Define the implementatjon schedule for the project, including start and completion dates. 

Measlll"fS lndaded tn the Projfd 
All energy efficiency measures included in the project shall be clearly identified and saviags c:akulatioos and 
estimates shall be clearly documemed for each measure in accordance wilh this protocol. 

Afl'edecl Energy Sources (Eledrlc, Gu, Otller) 
Identify all affected energy sources (eledric, gas, p10p8De, oil, solar, etc.) for the project, provide a brief description 
of how the source eaagy use is affected and quantify 1be impacts in the analysis. 

Analysis Flrm(s) and Contact(s) 
Provide information regarding the firm performing the enpwring aoalysis of the custom project Provide the 
name(s) of the contacts for die film(s) and contact infmmation including company name, individual(s) name, 
addre§, phone, and anail. 

Section 2: Energy Consumption and Demand 

This section defines the requirements for calculating baseline and efficiait case energy consumption and demand, as 
well as the method for calculatiDg savings. Calculations shall address all project variables in accordance with the 
requirements of Section 3 and UDda1ake the analysis in accordance with the documentation and modeling 
requimnents in Section 4. 

The equations used in this protocol assume that the project bas a single measure. If the project bas multiple 
measures, these calculations shall be repeated for each measure in such a way as to capture intenctive effects. 

This protocol is desiped to address the whole building analysis of a new construction project Modeling shall use 
an 8760 model which meets the requirements of ASHRAE 90.1 Appendix G as desaibed in Section 4. 

EmdtntCase 

Ellldeat Tedmolo1Y Descrlpttoa and Docammtatton 
Descn'be the measures, technologies and CODtrols and how they me designed to optimize building energy 
perfommnce. Document the relevant efficiency code that applies to the building and any additional 
federal/statellocal standards that may apply to proposed efficient equipment that is not addressed in the 
code. 

Ellklent Case Amaoal Enl'rgy Use 
Calallate the llllllU8l energy use for the proposed equipment using the methodologies outlined in this 
protocol and all refenncecl and applicable standards. 

The total efficient energy use shall be caku1ated separately for each type of energy sorll'C6 (e.g. electric and 
gas) accordiDs to the followiog equations. 

For loads calculated from a regression analysis (e.g. kW vs. Tempaatme as descnl>ed in Section 4) the 
following equation shall be used: 
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•aa.,,• AnDua1 Efficient Eneqy Use -Annual Energy Use with the dlicieoc:y improvement 
installed, calculated separately for each measure and each energy source (elec:ttic, gas). 

• £0A4,.,r ;; Efficient Load (electric kW, gas therms) - Efficient Load for each system and subsystem 
with opending conditiOllj (as defined below). For example. Efficient Load will need to 
be calculated diffamtly for staged condenser fans that have diffcrad operating homs o.r 
multiple pumps that operate at vmying speeds. 

Houq..,, • Total Amaual Operatius-Total Annual Operating Hours for each system and subsystem 
with operating conditionj (as defined below). 

For loads calculated based Oil full load or on equipment specifications: 

• •nar'" • ~(l'UU. IO.tlMr X """'>C BOU&\fir) 

ADnua1 Efficient F.nergy Use - Annual Energy Use with the efticieacy improvement 
installed, calculatecl sepandely for each measure and each energy source (dedlic, gas). 

nu.~,,• Efticieot Full Load - the ma.Yinuw operating load of each efficient system and subsystem 
with opaating conditionj (as defined below). 

~· Load Factor- &action of Full Load for each efficient system and subsystem with 
operating conditionj (as defioed below). Typically less than 1.00 unless the equipmeat 
was sized to nm at 100% of l1lted capacity. 

Houq.,, • Total Amaual Opaating Homs - Total Annual Operating Hours for each system and 
subsystem with operating conditionj (as defined below). 

i= 

•• 

System Condition - refers to each distinct combination of system mode. number of hours. 
full load demand, and load factor for each system or subsystem. 

Number of Tams - total Numbs of Terms needed to cova- all conditions of affecmcl 
systems and subsystems. 

Document the inputs and outputs to the buildins model as desml>ed in the LEED Refeicnce Guide for 
Green Buildios Desip and Cous11uction, Energy and Atmosphele Ciedit One, Option I, Whole Building 
Simulation and as described in Section 4. 

E.llldent Case Coladdent Eledrtc Demand (kW) 

Doaanent the efficient case coincidmt electric demand for each measure according to one of the following 
equations: 
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C l.00.,, •APO PH UMD_,., 

Whete 

AVOl'll&OAD.,,• 

For CODStanl loads: 

• 

Average Efficient Load of all affected equipment during the Perfonnance Hours 
of 3-6 pm. weekday, nan-holidays iiom June 1 -August 31 for a total of 195 
homs. Includes non-operating 1ime during the Perj'onnance Ho11n and is equal 
to total energy use during the Perj'omiance Hours divided by the total 
Performance Hours. 

c 1.0.a.,, • 6 ("1££ £00..tt x " .. ,, x car..,,) 
where 

Cl.DAD.a• 

U...,,• 

a...n• 

•• 
ftll 

Average Coincident Efficienl Load - Average CoiDcident Load of all affected 
efficient equipment during the Perj'omiance Hours of 3-6 pm. weekday, non
bolidays fiom June I - August 31 for a total of 195 homs. Includes non
operating time during 1hc Performance Hours. 

Efficienl Full Load- the maxirmnn operating load of each efficient system and 
subsystem operating during the Perj'omiance Ho11n with opaatins condition k 
(as defined below), exclusive of non operating time. 

Load Factor - fi:ac:tion of Full Load for each efficient system and subsystem with 
opaating condition k (as defined below). Typically less than 1.00 unless the 
equipment was sized to nm at 100% of rated capacity. 

Coincidence Factor - the Coincidence Factor is the fiaction of time that each 
efficient system and subsystem is operating during the Perj'o1'fllance Hours for 
operating condition k (as defined below). The three typical conditions for CF are 
as fo~: CF is unity if the equipment is COD1inuously OD during the 
Perfomiance Hours; CF is zero for each sysb:m or subsystem that is not 
operating during the Perj'omiance Hours; otherwise, CF is the ratio of the 'on' 
time to the tolal nlllllba' of perfonnaoce hours. 

Systan Condition - iefers to each distinct combination of the system mode (e.g. 
high speed, low speed), Full Load demand, and Load Factm for each system or 
subsystem operating during the Performance Hours. 

Number ofTenns -total Number of Tenus needed to cover all operating modes 
of affected systems and subsystems during Performance Hours. 

1he analysis shall take into account that not all system components are expected to operate during all of the 
Performance Houn. For example on a cooling tower some of die cooling tow« fans could periodically be 
staged in the "oft" position while the compresson could be operating at 100% load. In these cases the 
system load during Perj'onnance Hours will not equal the SlllD of the loads for all system c:omponmts. 

Document the modeled measure inputs and OU1puts specifically for the Performance Horus. 
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The analysis shall include documentation of how the load varies during tbe Perfonnance Hours. For 
constam load equipment, the analysis shall be based on the equipment load and operating scb.edu1e cluriDg 
the perfomumce hours. For variable load equipment, the analysis shall address variations in equipment 
load and opemting schedule during the Perjonnance Houn. 

Additional analysis will typically be prepared to address the impact of the energy efficiency measure OD 

customer peak demand Such analysis is critical to calc:ulating customer cost savinp. but should not be 
confused with the required calcuJation of the C.Oincideot Demand during the Performance Horll'S. 

aa.llneCase 

BaseUne TedmololY MetlaodolOI)' and Description 
Baseline for new coostruction projects is the equipment meeting the level of efficiency required by State 
Code78, in place at the time of installation. Document any additional Federal or indus1ly standalds78 that 
may apply to proposed efficient equipment that is not addressed in the code. The baseline description 
shall detail information reganling the mandated mjniJDllDI efficieacies used in developing the code 
compliant buildina model at the component level. 

BaseUDe Case Anllaal EDeiv Use 
Calculate the amwa1 energy use for the baseline equipment and systems using the methodologies outlined 
in this protocol Bild all referenced and applicable standards. 

The total baseline eneqy use sbal1 be calcuJated separately for each energy source (e.g. electric and gas) 
according to the following equations. 

For loads calculated ii'om a regression analysis (e.g. kW vs. Temperature as described in Section 4) the 
following equation shall be used: 

·~· 

BOUq,,_ • 

• ••a--~c· &OU,....XlfOU•~ 

Annual Baseline Energy Use - Amwal fJ:lergy Use for baseline equipment calculated 
separately for each measure and each energy source (electric, gas). 

Baseline Load (elec:tric kW, gas tbenns) - Baseline Load for each system ml subsystem 
with operating conditionj (as defined below). For example. Baseline Load will .need to be 
calculated differently for staged condeaser mos that have ditfermt operating hours or 
mulliple pmops that operate at VBJyiog speeds. 

Total Ammal Operating Hours - Total Amrual Operating Hours for each system and 
subsystem with operating conditionj (as defined below). 

For loads calculations based OD equipment specifications: 

7111 IntematiODal Code Coancil, 2007 Ohio Building Code; 
http:/lpublicecodes.citatioa.c:om/st/oblstlb2v07limelf btm?bu2-unde6oed 
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