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Welcome and Acknowledgments



Audience is muted: Please use Chat Box for questions 

We will unmute for Q&A Session at end of webinar and 
distribute answers to questions if time is short

The webinar is being recorded
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Please note
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Introduction

Why are AM&V protocols and guidance important now?



ÅThe industry experience with AM&V is growing 

ÅAM&V is an increasingly relevant tool for states to have 
in their mix ςe.g. P4P program design, CA NMEC 
protocols, as support for time-differentiated savings 
impacts, customer engagement and climate goals 

ÅNew Efficiency Valuation Organization (EVO- IPMVP) best 
practice for AM&V offers global consistency and 
credibility

ÅProper guidance and protocols will ensure that AM&V is 
used appropriately 
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Because



1. Share information on advanced M&V

o Guidance and Protocols

2. Introduce new resources for advanced M&V

o Available and Coming Soon

3. What role do protocols play in deploying advanced 
M&V in building analytics?

4. Future directions

o More protocols work needed and Where AM&V is headed
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Goals of Webinar



ÅAdvanced M&V: Large data sets, near real-time, ongoing 
feedback, non-linear analytical methods, whole building 
meter-based savings calculations, frequent intervals. 
(Similar but different from traditional billing analysis and 
applicable to portfolios, some programs, and individual 
sites, for program implementation and evaluation).

ÅProtocols: Set of concepts and commonly accepted 
conditions ensuring credibility of a product. Technical 
details.

ÅGuidance: How to meet conditions set forth by protocols. 
Advice on best practices for applications. Often locally 
agreed upon.
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Definitions



ÅAn Evaluation and Portfolio Perspective on AM&V
ïKevin Warren, Warren Engineering

ÅA Program Planning Perspective: Software Protocols and 
AM&V Implementation Guide
ïEliot Crowe, Lawrence Berkeley National Lab

ÅThe Project Perspective: Technical Issues and New EVO 
Publications
ïLia Webster, Facility Energy Solutions

ÅThe State Perspective: Developing and Applying Guidance
ïCarmen Best, Recurve

ÅFuture Directions!
ÅQ&A
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Agenda and Presenters



Kevin Warren
WarrenEngineering

An Evaluation and Portfolio Perspective on AM&V



ÅESCOs or EMIS Providers

ïUse interval data analysis to prove the savings from a 
building tune-up

ÅImpact Evaluation

ïDetermine the savings from a utility program after it has 
happened or in real time

ÅProgram Implementation and Tracking

ïEmbedded into the program delivery process
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Major Use Cases



ÅPre/post billing analysis 

ÅContinuous (or at least ongoing)

ÅAll participants

ÅEmbedded in program functions

ÅUsed for more than just savings reconciliation

ÅOther methods may be used for estimating savings 
prior to measure installation (TRM, engineering 
calcs)
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Ex-ante 2.0



ÅDo we care only about savings at the program-level 
(or average results for a large number of 
participants) or  do we care about facility-level 
savings?

ÅAre participants relatively homogenous (residential) 
or relatively unique?

ÅWhat is the average value of the savings for each 
participant?
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Program Characteristics that Influence 
the Ex-ante 2.0 Approach
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Relevant Prior Protocols

Savings = (Baseline Period Energy ςReporting Period Energy)

+/- Routine Adjustments +/- Non Routine Adjustments

Population
Applicable 

Sectors

Baseline 
Adjustment 
Technique

Protocols

Homogenous Residential
Comparison 

group

Å UMP Chapter 8
Å SEE Action Impact Evaluation 

Guide 

Heterogeneous Nonresidential NRA

Å IPMVP
Å UMP Chapter 16
Å UMP Chapter 19
Å UMP Chapter 24



Flavors of Ex-ante 2.0

Ex-ante 2.0 Flavor Treatmentof NRAs

Population with 
Comparison

Embeddedbillinganalysiswith a comparisongroup

Population w/o
Comparison

Embeddedbillinganalysiswithout a comparisongroup

Embedded Option 
C

Embedded billing analysis of all participants while
attemptingto identify andquantifyNRAsat highrigor.

RawSiteLevel NoNRA
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Do Ex-ante 2.0 Programs Require 
Evaluation?

Embedded Option 
C

RawSiteLevel

Å Sample(after reviewingCUSUMsandCRRs)

Å UseOptionCfor somebut not all

Å ForOptC,highrigor verifyNRAs,missingdata,dates

Å Adjustbaselineif not existingconditions

Å CalculateRealizationRates

Å Reviewreservedsavingsanalysis,site visits, and/or
M&V to answerά²ƘȅΚέ

Ex-ante 2.0 Flavor EvaluationApproach

Population with 
Comparison

Reviewanalysis,reviewcomparisongroup

Population w/o
Comparison

Comparisongroupanalysis,differenceof differences
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Ex-ante 2.0 Gives Evaluators New Tools

ÅEarly feedback to programs

ÅBetter information on the timing of 
savings

ÅNew sampling methods using CRR 
and CUSUM

ïCRR = Claimed-to-Reserved Ratio

Claimed (ex-ante) / Reserved

ïCUSUM Plots
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Eliot Crowe
Lawrence Berkeley National Lab

A Program Planning Perspective:

Software Protocols and AM&V Implementation Guide



Advanced M&V Process
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Implementation Resource Guide

ÅOverview

ÅTools & methods

ÅTool selection

ÅData gathering & preparation

ÅWorkflow

ÅDocumentation guidance

ÅGetting started



M&V Tool Selection

ÅMany models/tools available

ÅProprietary vs. transparent / open source

ÅExample free tools:

ïECAM

ïRMV2.0

ïOpenEEMeter

ïUniversal Translator

ïNMECR
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M&V Tool Selection

ÅNeed to customize models?
ÅCan the tool be easily configured to output 

baseline model goodness of fit metrics? 
ÅNeed for individual building savings and 

aggregated?
ÅLǎ ǘƘŜ ǘƻƻƭ ŎŀǇŀōƭŜ ƻŦ άōŀǘŎƘ ƳƻŘŜέ Řŀǘŀ 

input? 
ÅNeed to accommodate continuous meter 

data feeds?
ÅAny desired model inputs beyond weather 

and time?
ÅHas tool been vetted, for example in prior 

pilots, third-party testing, or by other 
means?

ÅPreference for additional features?
ïCustomer dashboard
ïOpportunity ID
ïProject management features
ïEtc.
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Å Predictive capability: Out-of-sample testing

Å Robustness: Use a test dataset covering many buildings

Å Trusted: 9ƴǎǳǊŜ ǘƘŀǘ ǘŜǎǘ ƳŜǘƘƻŘκǊŜǎǳƭǘǎ Řƻ ƴƻǘ ŀƭƭƻǿ ŦƻǊ ΨƎŀƳƛƴƎΩ ǘƘŜ ǘŜǎǘ

How do you test an M&V tool?

	

1. Training period ambient temp

2. Training period consumption

3. Prediction period ambient temp

пΧΦΚΚΚ
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EVO Advanced M&V Testing Portal
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EVO Advanced M&V Testing Portal

Download the test 
data and create 

baseline models for 
Training Period

Use Prediction Period 
temperature data to 
generate modeled 
hourly kWh values

Upload prediction 
data and get results
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