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1.0 EXECUTIVBUMMARY

111 Eligibility

Minimum 1,500,000kWh annual consumptiointerval metered) predictable/consistent load
profiles, and a clearigefined Project BoundarBuildings with material unmetered process loads
will not be eligible.

1.1.2 Project Boundary

Projects can be individual buildings, groups of buildiogs subset of a buliknetered complex.

1.1.3 Raw Data Requirements

Hourly, or sukhourly, nterval data from Measurement Canada certified meters is required, starting
with at least12 months of baseline historgccompanied byhe overlapping24 months of monthly
utility data. Independent variable data must be independently verifiable. Rules governing
treatment of outliers/gaps are summarized.

1.1.4 Baseline ModeRequirements

All baseline model calculations must be transparent and reproducible byebknical Reviewer
who willapproveall calculations. Baseline model input/output will range from hotolyaily.

The form of the baseline model is ndittated, but suggestions are provide® party modeling
software can be used to derive tleodels Statistical specificatiorsge provided, and a post
baseline model validation procedure is defined.

Allowable modifications to baseline data to reflé&ctown changes in electricity ageshall be
clearly explained andefined.Baseline Period should be established to include only time periods for
which fixed and variables energypverning facts are known about the fagilit

1.1.5 IESO Baseline Validation Methodology (Pkeproval)

The baseline model will be screened by the 1B8@s Technical Reviewerior to being accepted
into the programbased on review of two Baseline Model repogenerated using a provided taol

1. CUSUM Analysis Report
2. Rolling 28Day Variance Analysis Report

1.1.6 Savings Calculation Procedure

For purposes of thempgram, savings will be calculated and evaluated on an annual basis. Savings
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will be calculated as follows:
Year XSavinggkwh)

=Baseline Model Output, Payfor-Performance Perioddctual Uset+ Baseline
Adjustments

1.1.7 Baseline Adjustments in th@ayfor-Performance Period

Guidelines with respect to the eligibility of Baseline Adjustments resulting from changes to building
electricity consumption during thBayfor-Performance Periodre provided along with illustrative
examplesf Baseline Adjustent Events
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2.0 GUIDING PRINCIPLES

For this programlPMVPOption C (Whole Building Analysis Approach) will be used. Consistent with
this approach, it is important to recognize thavéngs cannot beneasured- they must be
calculated, as ilsimpossible to measure the absence of something.

Savings = Baseline Energy Use i Pay-for-Performance Period Energy Use

The following sectionBriefly summarize guiding principles used to shape the M&V procedures
defined in this document.

Trust

Success ofhe program depends on trust. This applies to raw data and to all calculat@hsodel
output.

Transparency
All aspects ofavings calculations must be transparent.

A fundamemal example: Technical Reviewaustbe able to recreate and evaluate baseline models
in a spreadsheet. Bladlox models will not be accepted.

Clarity

At the program level, legibility rules must be clearly defined. At the individual application lekel, t
Project Boundary must be cldgdefined with supporting documentation

Flexibility

The intent is to define an M&V framework that allows applicants to define their own models and
their own Project Boundary within a defined framework.

Validation
Calculated savingsust berational, defensible, and prgerly representative of actual reductions.

The role of the independentechnical Reviewewill be toreview and assesall available
information, applying professional judgment as requiréo ensurethat this objective is met.

Participants are strongly encouraged to conduct operational verification of implemented measures
to ensure measuresontinue tofunctionas intendedsuch thatenergy savingare persistent

M&V Procedures i Energy Performance Program v3.0
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3.0 DEFINING THE PROJBOUNDARY

As noted above, IMPVP Option C (WhBuilding Analysis Approach) will be used to calculate
savings associated with this program.

Central to this approach is the understanding that savings are being calculated for a given Project
Boundary. For purposes of this program, the following defpassible projecboundaries

31 Stand-Alone Building Metered by LDC

A standalone building, metered and billed for electricity use hyogal Distribution Company (LDC
would have a simple Project Boundary.

Project Boundary

—_—_——

)
O——
Stipulations:

1 AllGeneral Service account$8 kWassociated with the propertgnd billed to the
Applicant must be included in the P4P application.

3.2 Multiple Buildings(Complex)Metered in Aggregate by LDC

Certain properties comprising multiple buildings are bui&tered by the LDC.
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Project Boundary

——————————————_/

Multiple SimilarBuildings Metered Separately by LDC

3.3

An applicant may choose to aggregate several smailgdingsthat individuallydo not meet the

minimum annual consumption threshold ®500,00kWh.

Project Boundary

o e e e e e e e e e =,
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| |
. .
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| |
-------IQ -------IQ
<\ <\
W_L ®
ANNNNNENNEEN . ANNNNNENNEEN .
. .
. .
| |
| |
-------IQ -------IQ
<\ <\
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Stipulations:

T

Aggregated buildings must be similar by typey. office, grocery retail)The buildings do
not have to be the same size, but should hairailarload profiles.

A single model using a single weather station, shall be prepared for the aggregate load
profile of the buildings includedf NASA is used as the source of the weather data, a single
building included ithe model will be selected as theeatherlocation

Aggregated buildings must all Berved byGeneral Service 5B000kW electricity
accounts

A maximum ofive () buildingsmay be aggregated for a single application.

No individual building caexceedthe annual consumption threshold of 1,500,000 kWh.

Please note that the aggregated buildings do not need be served by the same LDC.

3.4

Individually Submetered Buildings in Complexes

A large building (minimum annual electricity consumptiord,&00,000kWh)that forms part of a
multi-building complex that is metered and billed in aggregate by therh@8Calso participaté its
total electricity consumption is submetered.

Project Boundary

— |( — ‘
I I I I |
I I | I I
I I I I |
I I I I
I N I N
I N I N
I I I N
I D I I
IIIIIII | IIIIIII :
) . -
m I @ I
e - ~
Stipulations:

1 Consistent with thd&Raw Data Requirementiefined elsewhere in this reporthe
submetering system must meet Measurement Canada requirements for revenue billing,
including approval by type, currency of seakrerification, and $04 inspection.

1 The Project Boundary must be clearly defifgdway of a single line diagram, and,

depending on the complexity of the submetering required, an accompanying
narrative/report clearly explaining how electricity consumption for the building is measured
and calculated.
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4.0 RAW DATA REQUIREMEBNT

Tocalculate savings for this program, actual metered hourly datkected during thd?ayfor-
Performance Periodompared tothe output of abaselinemodelas a function of independent
variables (e.g. weather) The baseline model will lwkerivedbased on atual metered hourly
electricitydataas well as independent variable datallected during the Baseline Period

This section outlines the requirements pertaining to the raw data streams instis program

4.1 Actual metered hourly intervaklectricity consumptiondatais required.

Actualhistorical hourly interval datanust be submitted for both the Baseline and the PFary
Performance periodsThere is no requirement for the baseline model input/output to be hoqgrily
could be as coarse as dailyput the underlying actual hourly data must be submitted to the IESO.

Savings calculations will be prepared based on the difference between actual consumption during
the Payfor-Performance Periodnd baseline model output for the same period.

4.2 Sulmeter data must include hourly data and daily readings.

For submeteredoads daily readings are required for each submetered poiraddition to hourly
data.

4.3 A minimum of12 months of baseline period interval data is required.

A minimum ofl2 months of consecutive hourly interval desa@companied byhe overlapping24
months of monthly utility dat@nding no earlier than 5 months prior to the date the project
application is submitted must be provided. This data will provide evidence thamduel based on
the most recent 12 months is valid.

4.4 Thebaselinemodel will be based on the most recent 12 months of data.

The most recent 12 months of data will be used to reflect the most current operation of the
building.Alternate baseline periods nyadbe acceptedt the discretion of the Technical Reviewer
where the most recent data is not representative of typical building conditions.

4.5 Hourly interval datafor the Payfor-Performance Periognust be complete.

It is recognized that some data gaps arevitable. During thePayfor-Performance Perigdchourly

data can be estimated (gaps filled, using a transparent/reasonable approach to be approved by the
Technical Reviewgrfor a given datasetPlease refer to Appendix D for illustrative examples of gap
filling techniques.

It is generally expected that less than 1% of data will need to be gap fille&lTechnical Reviewer
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will have the discretion to deate calculated savings if more than d¥data is estimated.

4.6 Metering must meet Measurement Canada requirements.

All metering used to define the Project Boundary must be Measurement Canada approved by type,
have been tested and sealed by an accredited Measurement Canada meter shop, and have had
Measurement CanadafS04 inspection by éirm accreditedby Measurement Canad@r this work

This section primarily applies to submeters, as LDC meters will be certified according to
Measurement Canada requirements by definition.

4.7 Independentvariable data must be independently verifiable.

It is essential thatnidependent variable datdoe trusted. As suclndependent variable data used
must fall into one of the following categories:

Weather data hourlyor average dailyemperature data froneither a localEnvironment Canada

weather stationor NASAP ear Reatime Global Radiation andleteorologyproject (as used by

bl GdzNJ f wS & 2RENSOr8eivol)/sHalipé uRdd Rarticipantswith multiple facilities

participating in the ProgramanuseeA 1 KSNJ 9 Y BANRY YSyYy (G /| Y;blRI 2NJ b! {
cannot use bothnterchangeably across the participating Facilities

Onssite (non-weather) data: data for other independent variables impacting electricity
consumptionmust consist omeasuredvalues, automatically and continuously recorded, with the
on-site source data available foeviewby the Technical Reviewer

For clarity:
Data collected mst havedaily granularity at a minimum. Monthly data will not be accepted.

Occupancyi.e. thenumber of peoplén abuildingon a single dgdymay beaccepted as an
independent model variable whemeeting the standard criteria for acceptalde-site na-
weather data (measured, automatically and continuously recorded, orssitece data available for
review) as determined by the Technical Reviewer, for example, wiiaitgunique keycard use is
automatically counted and loggeBstimates omanualcounts of occupancywill not be accepteds
anindependent variablePlease note that predictable changes in interday occupancy can be
typically beaccounted for through the use different day types in modelling (weekday,
weekend/holiday, etc.) as illustrated in Appendix

Occupancy data for hote(se. rooms rented per dgynay beacceptedas independent variable
data, aswhether a room is rented or not can be treated as a dufale daily event.

Material step changes in the number of occupathiat can be demonstrated to impact electricity
consumptionmay be accepted by the IESO as the basis of any proposed modification/adjustment to
the baseline model (subject to the conditions set out in Section 6.6) and/or for baseline adjustments
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during the Payfor-Performance Period (see Section)9).

Vacancydata (e.gfor unleased spacm rental propertie$ will not be accepteas anindependent
model variable as vacancy is nobeasuredit isnot recorded continuously, and available data is not
necessarily properly representative of the use of the space given the complexity associated with
free rent periods, leased but unoccupied space, &fiaterial step changes in vacanttat can be
demonstraed to impact electricity consumptiomay be accepted by the IESO as the basis of any
proposed modification/adjustment to the baseline model (subject to the conditions set out in
Section 6.6) and/or for baseline adjustments during the-féayPerformance P&od (see Section 9).

If it is likely that material changes in vacancy or occupancy will ingbactricity useat the facility,
available data for the Baseline Period should be submitted with the applicatikewise data for
the Payfor-Performance Period should be submitted with tBavings Repofor each year
whether or not a baseline adjustment islanitted for the year reported on

M&V Procedures i Energy Performance Program v3.0
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5.0 BASELINE MODEL REHRENENTS

As noted above, the Baseline Model will be derived based on bctegered hourly electricity data
as well as independent variable data collected during the Baseline Period.

This section outlines the fundamental requirements associated with the Baseline Model.

5.1 TheBaselineModel must be transparent.

TheTechnical Reviewanustbe able to recreate and evaluate baseline models in a spreadsheet.
Blackbox models will not be accepted.

For clarity: the method adlerivingthe baseline model need not be transparent. Only the model
AGasSt T 060K Bletewittechsificients) Mist b® thatle available such that its effectiveness
in predicting actual performance can be evaluated.

If an applicant feels their models are proprietary, they will be encouraged to submit models that
they are comfortable sharing thi the IES@or savings calculation purposes.

Sample baseline model calculation methodaleg)are illustrated ippendcesB and C

5.2 The Baseline Model Documentation must be complete.

The Applicant must submit documentation outlining the basis for the rhatteg with statistical
information and details of any adjustments to the Baseline Period data, as specified in $aiftion
this report.

5.3 The Baseline Model must meet minimum specifications.

The baseline model will be screened by the IESO prior to beirepted into the program. The
objective will be to confirm that the model output is properly representative of building operation
during the Baseline Period.

In addition to the information requirements outlined in Secti®rnthe Applicant will be required to
submit two reportsas described in Sectiaghwith their application to participate in the program.

5.4 TheBaselineModel must be approved by th&echnical Reviewer

Baseline model calculations must be approved byTthédnical Reviewefor acceptance of a Facility
in the program Approval will be contingent upon a clear understanding of the baseline model in
addition to the model output meeting specific accuracy specifications.
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5.5 Baseline modelnput/ output granularity recquirements

Acceptable baseline model output granularity ranges from hourly (most granular) to daily (least
granular). Monthly data (12 points per year) is not acceptable.

Variations by day type, on/cffeak, etc. are acceptable.

5.6 Form of Baseline Model

The program will not dictate the form of the baseline models as long as they are transparent, can be
reproduced, and are approved by tAi@chnical Reviewer

In general, it is expected that the model will be of the form:
y=a+axi+ axXn

wherey is the dependent variable, x is the independent variable angia, are coefficients
describing the relationship between the dependent and independent varjapléHigherorder
regression models arecaeptabé provided they meet the statistical ragements laid out in Section
6.5.)

Applicants may use as many independent variables that they jndgessaryo properlyrepresent

baseline electricity consumption over tliayfor-Performance PeriodModels may incorporate

categorical time periodd dzOK | & WRIF & GeLlSQ 2N Ww200dzLJA SRk dzy 2 O
where Applicants see fit.

It is anticipated that weather (heating/cooling degree days/hours) will be the most comrusely
independent variable. As noted above, all data must be inddpatly verifiable. Weather data
used for modeling shall be traceable to Environment CamaddéASAWeather data from other
sources such as building automation systems will not be accepted.

5.7 Use of Multiple Regressions in a Model

A model can be made up ofb or more regressiongver thebaselineperiodwhere it makes sense
to do so. In this case,hte applicant is to clearly identify the rarg@ver which the regressions apply
For examplean Applicant may wisto separate the analysis between weekendsl aveekdays. In
this case a model could be made up of the two regressions:

Yweekday= @,weekdayt L weekdayX1

Yweekend= Do,weekendt D1 weekend<

where the regressions would be evaluated over weekday hours and weekend hours accordingly.
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This could alsbe expressed as a single multivariate equation:
Y = @ weekdayt al,weekda9(1+b0,weekend+ D1 weekend

Application submission requirements are summarized in Appeld&amplebaseline model
calculation methodologies are illustraten Appendices B and C.

5.8 Use of3 Party Modeling Software

3" party modeling software can be usedderivethe models provided theesulting model
calculations, complete with coefficientate transparent and are provided to tAechnical
Reviewer

M&V Procedures i Energy Performance Program v3.0
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6.0 BASELINE MODBUBMISSION REQUIREMB

The Applicant must submit documentation outlining the basis for the model along with statistical
information and details of any adjustments to the Baseline Period data. These are described in the
following sectionand are summarized in AppendixAhecklist: Submission Requirements.

6.1 Narrative Describing the Model

A narrative providing a description of the basis of the model is required.

6.2 Documented Conditions during the Baseline Period

Existing conditions at thproperty should be documented before the start of tRayfor-

Performance Period A detailed and documented understanding of baseline conditions will provide
a sound basis for Baseline Adjustments which may be required to account for material and
unforeseen changes in electricity use at the building.

Examples of documentation that would be helpful in defining Baseline Period conditions include:

Floor plan showing floor areas by space type

Electrical single line diagrams showing subméieations as applicable
Heating fuel (electricity, natural gas, other)

Other fuel sources serving the building

Tenant listingincluding any vacant spaces), if applicable and available
Occupancy data (i.e. number of occupants), if applicable and bieila
Building Automation System (BAS) logs documenting operating hours.

= =4 8 4 -8 -9 -9

6.3 Spreadsheet with Model Calculations

A spreadsheet showing the calculations in terms of how the model output is calculated as a function
of the independent variables and the time periadsequired.

6.4 Baseline ModelStatistics

The following statisticaindicesshall beprovidedin the submissioffor review by theTechnical
Reviewelfor each regressio(submodel)usedin the overallmodet
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REQUIREMENT

REPERSENTATIVE
FORMULA

DESCRIPTIONURPOSE

Number of points

Number of parameters

Coefficient of
Determination(R?)

Coefficient of
Variation of Root
Mean Squard Error
(CV(RMSE))

or

This is thetotal number of pointaused in
the regression.

Indicatesthe weight of the regressiom
the overall model

Numberof coefficients in the regression.
For a simple regression y = mx + b, .p=2

lllustrates how well the independent
variables explaithe variation in the
dependent variable.

R values range from 0 (no variation of th
dependant variable is associated with thi
independent variables) to 1 (all variation
of the depenent variable is associated

with changes irthe independent variable)

As good engineeringractise an R2 value
of 0.75 or higher indicates good
correlation.

However, ahigh Rin itself is not
sufficient to determine whether a model
Ad W3I22RQ

This is lhe standard deviation of errors of
prediction about the regression line
normalized by the average y value.

It is rot affected by the degree of
dependence between the independent
and dependent variables (e.?)R

CV(RMSEhallbe less than 15%

Net Determination
Bias Error (NDBE)

This is the sum of the errors divided by tl
actual.

The NDBEhallbe less than 0.005%
(absolute)

M&V Procedures i Energy Performance Program v3.0
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The coefficient adivided by its standard

error.
Refer to textbooks on

T-Statistic(Tstar): standard statistich Tstat to be calculatedor each coefficient
procedures. a X 2n.l

Tstat Should be >2 for all coefficients

This table assumes a basic understanding of statistical methods; applicants are tovatecult
published literature on statistical methods for further information.

TheTechnical Reviewanust be able to reproduce the statistics pertaining to the model.

6.5 Treatment ofOutliersin Baseline Period Raw Data

Adjustments to the data in the Baseline Period used for preparation of the model will be accepted
under certain condions to create a more accurate/robust model. Allowable adjustments are
outlined as follovs:

6.5.1 Gaps/missing data

Missing data shall be ontétd for purposes of calculating the baseline modrRefer to Appendix D
for lllustrative Examples @fcceptableGap Gillingrechniquegor gaps/missing data.

In the case wheran hourly interval meter is noffunctional for an extended periodf dime, it isthe
responsibility of theParticipant or its representi@ve to obtainutility interval metereddata from the
Local Distribution Company (LDC) to fill in the missing data gap

In the absence dfiourly interval metedata, whereonly monthlymetered data is availabld, is the
responsibility of the Participant tdetermine the differential between the two meters amelconcile

the difference between thenonthly andhourly metered dataThe Participant or its representative

will then apply this differential to the nextay-for-performanceperiod ensuring that the Participant

and IESO is reconciled for any over or under payment as a result of this missing data during the first
reporting period.

6.5.2 Contractual DemandResponse Calls

Hours where the site has beeaquiredto reduce loaddue to contractual obligations (e.g. Demand
Response progranshouldbe removed from the baselinmodelcalculation.

6.5.3 Other Known Outliers

Otheroutliersmay be removed from the raw datfor the Baseline Period, subject to approval by
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the Technical RevieweExamples of allowable outliers:

1 The temporaryuse of load banks for generator testing
1 Peiods of power failure or generator operation.

All data removed from the dataset shall becumentedand submitted with the baseline model
including the nature/reason for the removal and the period of time affected.

6.6 Modifications to the Baseline Model Reflecting Changes in the Baseline Period

The purpose omodifying the baseline modeluring the Baseline Period is to arrive at a model that
LINE2SOGA LINRPLISNI & NXBLINE a S yRayfar-Refdmaace FefiadkY LJG A 2y |

All known changes in electricity use thadtectedelectricity consurption in the baseline period
should be incorporated into the modelncludingany activities or measurammissioned which
were promoted or fundedhrough a different program or initiative undertaken by any level of
Government or utiliy designed to incentivize electricity savings, except for the Energy Manager
Program offered by Save On Energy.

Any projects receiving such electricity saving incentives will trigger a baseline adjustment at the
discretion of the IESO.

Example®f permissible modifications to the baselimeclude:

Material energy conservation measures (e.g. lighting retrofit)
Removal/addition oBubmeteredexceptional loads (e.g. data centre loads)
Buildingexpansion/contraction

Major renovation

Traceable/documentedperational adjustments

= =4 =4 4 A

An illustrative example adn acceptable baseline adjustment reflegfiohanges to the building in a
Payfor-Performance Periodanbe found inSection .

Modificationsshould beapplieddirectly to the raw data over the periods they apply to within the
Baseline PeriodAs part of this procedurea new, second dataset should be created and submitted
as the basis for derivation of the baseline model.

Guidelines:

1 Typically, a baseline adjtment will represent a known change in electricity consumption
starting on a specific date or covering a specific period.

1 Itis recommended that a baseline adjustment be expressed in terras bburly or daily
profile, depending on how data is aggregafted purposes of deriving the baseline model.
(For purposes of this section, raw hourly data that is grouped into daily data is still
considered to be raw data.)
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Baseline adjustments may be positive or negative.
Multiple baseline adjustments may be applied. Each will be subject to the approval of the
Technical Reviewer
1 For a permanent change in consumption (positive or negative), the baseline adjustment shall
be applied to the raw data during the period fronetfirst day of the baseline period to the
date this change in electricity is observed/known.
91 Similarly, for a temporary change in consumption (positive or negative), the baseline
adjustment shall be applied to the period when the temporary change ocdurre

= =

Applicants cat¥mooth(ithe impact of the baseline adjustmetu better approximate the transition
if the change in electricity use takes a relatively long time to develop. For example, a lighting
retrofit may take a month to be implementednd it is reasonable to assume that over the
installation period, the savings will only be partial.

6.7 Baseline Model Validation Reports

In addition to the information requirements outlined above, the Applicanist submit two
Baseline Model assessmenp@ts witheach Facility Application

These reports will be used by the IESO in thegmeroval procesandare describedn Sectiony.
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7.0 IES@BASELINE VALIDATIGMETHODOLOGPREAPPROVAL)

Baseline modd will be reviewedy the IESO prido acceptinga Facilitynto the program.The
objective is to confirm that the model output is properly representative of building operation during
the Baseline Period.

In addition to the information requirements outlined in Secti@rthe Applicant will be requiretb
submit two reports with each Faciligpplication a CUSUM Analysis and a@8y Rolling Variance
Analysis. These amitlinedin the following sections.

Please note that an Excel tool has been provided to simplify the analysis for Applicants and
standardize the reporsfor Technical Review purposes. The tool is posted on the EPP webpage at
https://www.saveonenergy.ca/FeBusinessandIndustry/Programsand-incentives/Energy
PerformanceProgram

The tool requires two datasets to perform the CUSUM Analysis and RollinD&g Variance
Analysis

1 Daily actual consumption for thd2-month baseline period
1 Daily modetpredicted consumption for the 1Znonth baseline

The tool, when completed, will satisfy the requirements for the two reports.

Following the preapproval stage, the Technical Reviewer must be able to reproduce thesagepor
The Technical Reviewer may accept or reject a model if they are not able to do so.

7.1 CUSUMAnalysisReport

A CUSUMnalysis Repoyconsisting of a chart showing tieemulative sum of thelaily variance
between model vs. actual for thmodeling periochormalized by the annual consumptionill be
performed.

A sample CUSUMKnalysiss illustratedin the following chart:
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CUSUM Analysis

3.0%

2.0%

1.0%

0.0%

-1.0%

-2.0%

-3.0%

Please refer to AppendEfor further explanation

Evaluation Criteriathe variance shall not exceedl.5%at any timein the modeling period

This figure was selected following review of building electricity consumption models at sample
properties.

The purpose of this analysis is to:

91 Assess the validity of the model over the course of the yegpressed as cumulative
variance as a percentage of annual consumption

1 Identify anysignificantsustainedchanges in electricity consumption during the year
(identified by a change in slope of the CUSUM cwivere cumulative variance exceetls
1.5%) that may require further inestigation.

7.2 Rolling 28day Variance AnalysiReport

AoneyearRolling28-dayVariance Analysis Repart calculation of the variance between modeled
and actual consumption for 36ZB-day periodgone each for every day of the year, each
representing thepreceding 28 days) must be performed and presented in graphical form to
illustrate the validity of the model.

An example is shown in the following chart:
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Rolling 28-Day Variance Analysis Summary
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Please refer to Appendfor an explanation of how to perform a Rolling-R&y Variance Analysis,
including examples.

Evaluation Criteriathe 28day rolling average shall not excee8%

This figure was selected following review of building electricity consumption matis@mple
properties.

The purpose of this analysis is to:

Confirm that the model output is properly representative of actual throughout the Baseline Period.
The values arexpressed as absolute variance as a percentageansdek consumption.

Highlightany significantshort-term changesn electricity consumptiomluring the year (identified by
one or more temporary peaks greater th&#o in the graphthat may require further investigation.

7.3 Projects maybe physicallyinspected to confirm baseline condition

As the materiality of potential incentives is significant, a site maybe conducted by théESO or
Technical Revieweo confirm baseline conditions.
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8.0 CALCULATION OF SAWESN

Savings cannot bmeasured- they must be calculated, asig impossibléo measure the absence of
something.Fundamentally:

Savings = Baseline Energy Useayfor-Performance PeriodEnergy Use

For this program, it is a given that IMPVP Option C (Whole Building Analysis Approach) will be used.

8.1 Savings Calculation Procedure

TheBaseline Model for a given project, once reviewed and approved by dobinical Reviewer
will not change for the balance of the programless a Baseline Adjustmentigproved in writing
by the Technical Reviewer.

For purposes of the program, sagswill be calculated and evaluated am annuabasis. Savings
will be calculated as follows:

Year XSavinggkWh) =Baseline Model Output, Payfor-Performance PeriodActual Uset
Baseline Adjustments

Baseline Adjustments represent eligilaled verifiedchanges to the building during thieayfor-
Performance Periothat impact electricity use. Procedures governing Baseline Adjustments are
outlined in Sectior.O.

Savings are to be reported by Participants using the Savings Report Template available at
https://www.saveonenergy.ca/FeBusinessaand-Industry/Programsand-incentives/Energy
PerformanceProgram

Negative savings will not be zeroed oktr each Pajor-Performance Perigchegative savings will
offset positive savings.

8.2 Baseline Adjustment Procedure
A Baseline Adjustmentquest will consist of:

1 A description of the Baseline Adjustment Event

1 The change in kWh (positive or negative) due to this change, summarized monthly.

1 Supporting calculations and/or submeter data, organized and explained in a manner such
that they are understandable and can bdigated by theTechnical Reviewer

A Baseline Adjustmentdguest template can be found in Appendix

TheTechnical Reviewanvill review the calculations and will work with the Applicant to confirm that
eachrequested Baseline Adjustmeigtmaterialand properly representative of the impact of actual
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changes to the building or building operations. Teehnical Reviewenust approve the final
Baseline Adjustment value.

For clarity:

1 A separate Baseline Adjustment Request is required for each fypaseline Adjustment
Event (Separate but similar events may be grouped together provided the calculation
methodology is consistent.)
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9.0 BASELINEDJUSTMENTN THEPA¥FORPERFORMAN®EERIOD

The purpose of this section is to illustrate, with examplls,kinds of changes to the building
during thePayfor-Performance Periocdequire a Baseline Adjustment, along with a description of
the Baseline Adjustment procedure.

A Baseline Adjustment would be calculated and applied testhengs calculated using tlBaseline
EnergyModel such that calculated savings remain properly representative of actual in the face of
material changes to building operation/use.

In all cases, th&echnical Reviewavill review the Baseline Adjustment emsure that they are
properly representative of actual. If necessary, Tezhnical Reviewerill conductan onsite
investigation to confirm changes.

Please note that where ambiguity, Participants may consult with the Technical Reviewer to
confirm if aBaseline Adjustment is necessary.

Please refer to Appendix H for a Sample Baselines&dgnt Request émplate.

9.1 Key Characteristis ofBaseline AdjustmengEvents
The key characteristics afBaseline Adjustmertventare as follows:

1 The change in electricity usensaterial enough to be apparent upon review of the hourly
electricity consumption profileAs a general rule, the adjustment should represent at least
10% ofthe minimum 5% savings threshold for the program (i.e. 0.5b@séline
consumption)

1 The change in electricity usegsantifiable using either submeter data or standard
engineering calculations.

1 The details of the change in electricity use aatependentlybe verified.

Unless determined otherwise by the IESO echnical Review, the follow evertsnstitutea
BaselineAdjustmentEvent

1 Part or whole of the facility is repurposed for a different business function

1 The building is expanded

1 Fuelswitching not in alignment with the 9 § Ru@ Switching Guideline (available at
http://lwww.ieso.ca/SectorParticipants/ConservaticDeliveryand-Tools/LD€ET oolkitsuch
as converting from electric toatural gasfired space or water heating

1 The installation of a behinthe-meter generaion project that does not meet the
NBIj dzA NBYSy (i 2 F-theiMe®r GereratiorORioject Rut€avilRble at
http://www.ieso.ca/SectorParticipants/ConservaticeliveryandTools/LDET oolkit
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9.1.1 Examples oBaseline Adjustment Events
Eligible baseline eventsill generallyfall into the following categories:

Repurposed spacea portion of the building is modified such that it can be used for a different
business purpose.

Unmetered example: a section of a retail store is converted from storage (low lighting levels) to
retail (high lighting levels). Neither the new nor the old lighting is submetered, so the Baseline
Adjustment is prepared based on engineering calculations.

Submetered example: typical office space is converted to a data centre. As the data centre is
expected to consume much more electricity than typical office space, it is submetered. In this case
the Baseline Adjustment is calculated based on the difference between the submetered data centre
use (typically a flat load) and a reasonable estimate otaimffice use.

Addition to the building a new section is added to the building.

Unmetered example: a new wing is added to an enclosed mall but is not submetered. In this case it
may not be practical to calculate a properly representative baseltestment.

Submetered examplea new wing is added to an enclosed mall and is submetered. In this case the
Baseline Adjustment is calculated based on actual submetered use associated with the new wing.

Material change in buildingperation: a law firmhas 3 months of aftehour HVAC requests as
they deal with a major case, leading to a material and quantifiable increase in electricity use during
the Payfor-Performance Period

An engineering calculation of increased electricity use would be prepared as a Baseline Adjustment
for review by theTechnical Reviewe©nce the Applicant and thEechnical Reviewaome to

agreement on a properly representative calculation of additiaecttricity use associated with
after-hours HVAC requests, this would be applied toRlagfor-Performance Periodaseline

model.

Material step changes in occupancy (daily number of occupants) or vacancy (unleased space in a
rental property) that can be @monstrated to impact electricity consumptionaybe accepted by
the IESO as baseline adjustments during thefBafPerformance Period

9.2 lllustrative Example: Data Centre installed in Office Building

A commercial office building is demonstrating performance gains through operational
improvements. On Jully atenant activates a newhnstalled data centre. The resulting hourly
profile for the building is illustrated in the following chart:
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mmm Interval Data

= Baseline Model

Reviev of the interval dataconfirms thatthis load materially impacts the electricity consumption
profile of the building. Thedata centreload, captured by aMeasurement Canada certified
submeter,hasthe following load profile:
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A Baseline Adjustment cossing of actual submetered use associated with the data centre is
applied by adding it to the Baseline Model output effective July 1. This is illustrated in the following
chart.
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APPENDIX A ENERGY BASELINE MOBUBMISSION REQUIREMBS

The following information shall be an integral part of taeergy Performance Prograigreement:
General:

1 FacilityBoundarywith supporting documentation

1 Facilitydescription: addressés), building typeage of building(s), size of building(s) (sqft),
heating fuel (electricity, natural gas, otheother fuel sources to the buildis).

1 LDC electricity account numbergs)d historical data including a recent sampDC bill.

Raw Data

1 Datasets (.csv format)
1 Raw hourly electricity interval data for all meters
1 Raw daily electrical readings for all submetgfspplicable)

Independent Variable Data:

1 Weather station used (if applicable)
1 Rawdaily orhourly weatherdata @sapplicable)
1 Raw data for other independent variablesgfiiplicable

Baseline ModeDetails

Narrative describing the model and the parameters used (as per Sécfipn

Start date and end date of the baseline modeling period

Spreadsheet with baseline model calculations (as per Se6i®)n

Descriptive statistics fazach regression model (as per Sectiof)

Details of treatment o&ll outliers and omissions from the data gas per Sectio6.5)
Details of all modificationstthe Baseline Model reflecting changes during the baseline
period (as per Sectiod.6)

1 Model output (mnimum granularity: daily) reflecting any modifications to the dfatathe
Baseline Periowhere applicable)

= =4 4 -4 A8 A

Baseline ModeReports for Validatioby IESO

1 CUSUMAnalysis for IESO Validation (as per Sectibh
1 Rolling 28Day Variance Analysis for IESO Validation (as per S&@jon
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SAMPLE (SIMPLE) BASELINE MODEL DESCRIPTION
Savings calculations will adhere to IPMVP protocols, specificallgrO@giWhole Building Analysis
using hourly interval data.

The key to this program will be the establishment of a robust and faspiggific weather
normalized baseline model of daily electricity use that can be compared to actual performance.

PeriodTypes:
Weekdays: all hours, Monday to Friday
Weekends/Holidays: all hours, Saturday/Sunday/holidays

Calculation of Facilit$pecific Weather Adjusted Baseline Model:

The facility in question has a consistent load profile from day to day during the vanaieths, with
increased use as a function of cooling degree hours in summer.

It is proposed that daily electricity use, separated by period type as described above, be modeled as
a function of cooling degree hours using linear regression. For claritg, Wauld be two
regression models: weekdays and weekends/holidays.

Cooling degree hours are a function of the balance temperature (the temperature at which the
store needs neither heating nor cooling). The balance temperature is a property of the guildin
and is derived by finding the best fit of the regression modkalr clarity, actual weather data for
the Baseline Period should be used in the regression analysis.

Each regression model would be of the form y = mx + b, where
y = the modeled use for thgeriod (24 hours), in kWh

m = kWh consumption per cooling degree hour (CDH)

b = baseload electricity use for the period, in kWh

Actual use, divided into the appropriate period types as specified above, would be compared to
modeled baseline use to calcutasavings.
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APPENDIX B ILLUSTRATNEXAMPLE SAMPLE BASELINDIELING PROCESS

The purpose of this Appendix is to walk the reader through a recommended approach to preparing
a Baseline Model for a sampidfice building, including the intended use of the statisfilndices
and reports specified in this document.

Preparation of the Model

¢CKS Al YLXS 2FFAOS o0dzAf RAYy3IQa f2FR LINRBFALS o WwdzA
Load Profile (kW)
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Based on discussions with property management, the building is primarilpiecciionday to
Friday from 9:00 AM to 5:00 PM, and occupancy is fairly constant throughout the week. Some
tenants work on Saturdays and fewsork on Sundays. Durirggatutory holidays the buildings
officiallyclosed, but tenants sometimeome to workon these days Property management
indicated therehave beemo major renovations over the past 4 years.

Based orthis information it was decided that the hourly interval data would benvertedto daily
consumption data, and that model would be devieped as a function cdverage daily
temperatures for 4 differentlay types:

Weekdays (Monday to Friday)
Saturdays

Sundays

Holidays

= =4 -4

The daily consumption was plottexs a function of temperature to see if there was any correlation
with daily average temperatures. The results are shown in the following charts.
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Daily Consumptiorr Week Days Daily Consumption Holidays
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From the charts it is clear there is a positive correlation with average daily temperature above a
SNIFAY WolflyOSMaytypesLISNI G dzNB> F2NJ £ € n

With this information it was decided tcalculate linear regressioi2 RSt & 6AS & I YE
FYR GKS W6 Q | MBhe éddctBeitylditadd avfuddiich Nicabling degree days (CDD,
effectively describing how hot it was on a daily basGpoling degree hours are a function of the
balance temperature (the temperature at which the store needs neither heating nor cooling). The
balance temperature is a property of the building, amalsderived by finding the bst fit of the
regression model.

The following table summarizes the parameteadculatedfor each of the four modelsf daily
electricity consumptioras a function of cooling degree days

- Balance Poin Slope
Model Description Days | Temparature (KWh/CDD) Intercept (kwh)
(C)
Weekdays 251 12.3 243.6 3396.5
Saturday 52 11.1 173.6 4547.5
Sunday 52 10.6 78.4 3350.7
Holiday 10 9 64.5 3119.4

The statistics pertaining to the four models are summarized in the following table:
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tstat tstat

Model Description R CV (RMSE) NDBE (slope) | (ntercept)

Weekdays 0.933 6.1% 0% 10.6 35.8
Saturday 0.853 6.8% 0% 38.0 165.1
Sunday 0.620 7.9% 0% 9.0 67.4
Holiday 0.546 9.1% 0% 7.8 56.9

Model Output

Actual and modeled electricity consumption are plotted by month in the following chart
demonstratinggood agreement throughout the baseline period:

Monthly Electricity Consumption
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TheCWBUM androlling 28dayVariance Analysis Repoitglicate that the baseline model passes
both, as shown in the following charts
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CUSUM Analysis Summary
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Modifications to the Baseline Model

Based on our analysiand consistent with oudiscussionsvith property managementhere were
no modifications required for the baseline model.
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APPENDIX C  ILLUSTRATIVE EXAMPIOF ACCEPTABLE GIARING TECHNIQUES

The following examples illustrate acceptable methods to fill gaps.

The technique(s) employed for gap filling are up to the Applicant. TEoanical Reviewawill
assess validity of each gap filled.

Example 1:Single Point Gap Filising Interpolation

This technique is applicable to most situations where the gap coorefpto a single hour (data
point).

In this example gap in thantervaldataoccursJanuary 2, 2015 at 11:00Alssting 1 hour

The loadust prior to the gap10:00 AM was 291 kW and the logdst after the gag12:00 PN was
287 kw.

The gap waslled with a value of 289 kW, determined tgking the average between the two
known data points.

Example 2: MultiplePoint Gap Filbver a period of relatively Bnstant Load using linear
interpolation:

In this example a gap in the data occhetween &nuary 2, 2015 11:00PM and January 2, 2015
5:00AM.
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An analysis ovesimilar hours on other days was made, anishdicated that the load over which the

gap appers isgenerallyconstant. The load just prior to the gap (January 1 10:00PM) was 172.7 kW
andjust after the gap (January 2, 6:00AM) was 178.5 kW.

The gap was filled by linear interpolatianth the valuessummarized in the chart.

400 Timestamp Load (kW)
222 Jan-01, 2015 - 10:00 PM  172.7
< 250 Jan-01, 2015 -11:00 PM  172.8
< o Jan-02, 2015 - 12:00 A 172.9
S 150 Jan-02, 2015 - 1:00 AM 173
100 Jan-02,2015-2:00 AM  173.1
50 Jan-02, 2015 - 3:00 AM 173.2
0 Jan-02, 2015 - 4:00 AM  173.3
© © © g
2 & & N Jan-02,2015-5:00 AM  173.4
S N N N
& & & J Jan-02, 2015 - 6:00 AM  173.5

Example 3: MultiplePoint Gap Filusing Averaging

There is a gam the data January 12, 2015 occurring between 6:00AM and 2:00PM.

I S S R T T
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An analysis on other days over similar hours that the load over which the gap appears is not

constant, but is repeatable.
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The gap was filled by averaging interval data over similar tiene@s representative of thgap.

hour Date
beginning Jan-05 | Jan-06 | Jan-07 | Jan-08 | Jan-09 [ Jan-13 | Jan-14 | average
6:00AM | 199.8 197.4 193.6 206.3 199.5 200.1 192.9 198.5
7:00AM | 252.6 249.6 230.6 251.1 234.8 256.4 242.4 245.3
8:00AM | 376.0 360.0 350.4 368.8 360.5 364.1 359.4 362.7
9:00AM | 349.9 3354 338.8 340.2 330.2 345.8 330.6 338.7
10:00AM[ 338.1 326.7 341.3 337.9 331.1 341.6 | 331.65| 335.5
11:00AM| 323.8 321.3 351.8 334.2 328.8 341.1 | 326.85| 332.6
12:00PM| 326.0 322.8 331.1 324.6 331.9 345.0 328.2 329.9
1:00PM| 319.2 325.5 325.3 330.3 323.6 340.6 | 330.75| 327.9
2:00PM| 317.7 336.2 329.1 322.9 316.1 328.5 | 325.65| 325.2
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