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Project Summary
Timeline:
Start date: 2014
Planned end date: 2019

Key Milestones 
1. Develop and apply tool testing procedure, 2015
2. Demonstrate M&V 2.0 tools on historic utility 

data, 2016
3. Launch live M&V 2.0 pilots with utilities, Q2 2017
4. Document state of industry positions on 

accuracy  and reporting requirements for M&V 
2.0 acceptance, Q3 2017

Budget
Total Project $ to Date: 
• DOE: $1,585K ($380K spent last 12 mo.)
• Cost Share: $795K 
Total Project $: 
• DOE: $1,585K
• Cost Share: $855K

Key Partners:

Project Outcome: 
Market adoption of meter-based approaches to
determine energy efficiency (EE) savings at
reduced time and cost, while maintaining or
increasing the accuracy of the result.

Enabled through: Development and transfer to
industry of test protocols to evaluate “M&V 2.0”
methods; live pilots to prove value proposition;
and establishment of acceptance criteria for
use and reporting. [See MYPP, CBI Strategy 3]

Bonneville Power Administration (BPA)

Seattle City Light, Eversource, United Illuminating

Connecticut Department of Energy and Environmental 
Protection (CT DEEP)

Northeast Energy Efficiency Partnerships (NEEP)

Efficiency Valuation Organization (ECO)
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Team - Partners

Pilots
• Utility implementation 

partners
• Co-funders
• Regional regulators, 

evaln. stakeholders

M&V Tool Testing
• EVO to implement online test portal
• Utility, software providers for beta 

testing (TBD)
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Grounding Concepts
• Traditional approaches to savings estimation, i.e. M&V 

– Custom engineering calculations
– Stipulated, deemed, average measure savings
– Calibrated physics-based simulation modeling
– Manual meter-based billing analysis

• Utility program issues
– Different baselines for different measures, 

prior use not always appropriate
– Attribution of meter-level savings to 

measures installed (adjustments)
– Transparency, 3rd party review

Right: meter-based savings estimation – baseline energy use is 
mathematically modeled, projected to estimate consumption if the 
measure had never been implemented. Saving are the difference 
between actual metered and baseline projected use.

$8B
2017 Utility 

investment in demand 
side management 

(>3% for M&V)

$7+B
2017 ESCOs 

Revenue (est.)

$.8B
2015 Building 

Analytics Market
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Challenge

M&V 2.0 sounds great but…
…how do I implement in a real program?
…how do I set requirements for rigor?
…how do I know whether an M&V tool is 
any good?

Related MYPP CBI Strategy:
Strategy 3: Harness the power of information
for improvement, standardization, automation 
of M&V; develop a test protocol to analyze 
accuracy of algorithms. 

Verification and evaluation of efficiency savings is expensive, time consuming; 
spectrum of approaches are used and custom calculations and stipulated savings 
are most prevalent 

Growth in interval data and analytics tools that automate meter-based 
measurement and verification (“M&V 2.0”) promise to reduce cost and time 
requirements, improve timeliness and realization, enable scale – BUT questions 
of accuracy and practical application hinder adoption



6U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Approach

2014-2015: Develop and apply test 
procedure to assess, compare 
accuracy of proprietary and open 
tools

2016: Demonstrate 
software/methods using historical 
utility program data

2017: Initiate pilots on ‘live 
projects, establish acceptance 
criteria and practitioner resources

2018: Complete pilots, transfer tool testing to 
industry, initiate work to automatically 
address non-routine adjustments (attribution)

M&V 2.0 sounds great but…
…how do I implement in a real program?
…how do I set requirements for rigor?
…how do I know whether an M&V tool is 
any good?

✔
✔✔

Work published at http://eis.lbl.gov/auto-mv.html
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Scaled adoption of cost effective, accurate, meter-based savings 
estimation

Market growth from private capital injection in EE, due to higher 
confidence in EE savings results

Above: Replication of CBI impact pathways from MYPP

Accelerate 
adoption of EE 

by providing 
information …

Facilitate use of 
tools, access to 

standardized 
transparent 

performance data 

Owners, investors 
equipped with tools 
to understand and 

value energy 
performance

Stakeholders use 
performance data to 
incorporate EE into 

financial 
transactions

Adoption of 
solutions to improve 

whole-building 
energy performance 

Impact

Standard 3rd party tool 
performance tests

Evidence of efficacy 
from field application

Acceptance criteria, 
practitioner guidance
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Progress Summary - Highlights

Highlights from that past year include:

• Developed prototype infrastructure to test M&V 2.0 tools

• Launched two M&V 2.0 pilots

• Developed non-routine event detection algorithm and 
added to open-source LBNL M&V tool

• Published guidance on accuracy and documentation 
requirements for M&V 2.0 and shared with stakeholders

• Engaged industry through national Stakeholder Adv. Group, 
participation in regional working groups, general outreach, 
1-on-1 discussions with utilities, regulators, etc.
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Progress – M&V 2.0 Tool Testing

Development of M&V Tool Test Infrastructure
• Collaboration with EVO. Vision:

• Commissions, utilities can vet tools/models
• Developers can assess performance and improve
• Inspire confidence in accuracy of methods

• Prototype online portal developed
• Test data obtained for >1000 sites (NW, Mountain, 

NE, E. regions)

Buildings Alive
CBE, UC Berkeley
Gridium
Mean Week
Time-of-week and temp
Weighted TOWT
Lucid
MARS
PSD
Nearest neighbor

Prior LBNL Research
• Developed test method, selected 

key accuracy metrics
• 10 interval data models tested - 4 

open, 6 proprietary
• Independent variables – time of 

day, day of week, outside air 
temperature
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Progress – Industry Guidance
Worked with industry to establish consensus guidance for rigor, transparency for 3rd party review
• Did baseline model characterize baseline energy use well?
• Is savings uncertainty due to model error acceptable?
• Is coverage factor sufficient for a reliable counterfactual?
• Were non-routine adjustments identified and quantified appropriately? 

Early Adoption by CA PUC, NYSERDA, Seattle City Light






[image: ]Fractional savings 8.7%

Baseline Model fit R2>0.6, CV(RMSE)<25%, NMBE <.05  



Above: Example of a plot showing metered data, the projected baseline model, the independent variable (temperature), and the fractional savings. 
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Progress – M&V 2.0 Pilots

M&V 2.0 Pilots
• Compare time, accuracy, cost, savings realization vs. traditional approaches 
• NW and NE partners
• Screened >500 sites
• Selected 28 sites in CT; SCL site selection in progress
• Mix of retrocommissioning, controls, retrofit projects

Above: Example plot of actual vs. modeled baseline, from CT Pilot

Right: Pilots Factsheet
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Progress – Non-Routine Events

Non-Routine Event Research
• NRE detection algorithm built into 

pen source  tool, undergoing testing
• Automated non-routine adjustment 

method in early development

Non-Routine Events (NREs)
• Changes in consumption that are 

not related to the installed 
measures or variables already 
normalized for

• Goal: Develop algorithms to 
automatically detect NREs and to 
quantify the impact on savings

Above: Example time-series hourly electric data, denoting non-routine events 

Above: Screenshots of LBNL open-source M&V Tool, “RM&V”
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Stakeholder Engagement

National M&V 2.0 Stakeholder Advisory Group
(4 meetings to date)

Other industry connections:
• CalTrack 2.0 working group
• NEEP EM&V Forum
• NW Regional Technical Forum

• Missouri M&V 2.0 Stakeholder Committee
• Future Grid Coalition
• ASHRAE Guideline 14 Committee
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Stakeholder Engagement - Outreach
• White papers, case studies, journal articles
• 2016-18: Presented at 17 outreach events with total ~1,000 attendees



15U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Remaining Project Work and Future Plans

Guidance on accuracy and 
documentation
• Quarterly Stakeholder Advisory Group 

meetings
• Continue participation in industry 

collaborations
• Continue individual outreach

M&V 2.0 Pilots
• Track ongoing savings
• Implement mini-pilots
• Report and disseminate findings

Online tool test portal
• Beta testing
• Final refinements
• Launch & disseminate

Non-Routine Events
• Validate NRE detection algorithm, and 

refine as needed
• Finalize exploratory work on automated 

non-routine adjustment method
• Disseminate results

Future Plans:
• Scaled demonstration, market adoption to enable 

• Next generation holistic whole-building programs to deliver deep savings
• Reliable cost effective savings estimation for increased confidence and 

investment in efficiency
• With meter as foundation, ability to integrate energy, demand, cost savings, as 

EE, distributed energy resources, and transaction-based services converge  
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Thank You

Lawrence Berkeley National Laboratory
Jessica Granderson
Jgranderson@lbl.gov
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REFERENCE SLIDES
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Project Budget: $1,585K BTO funding from FY14 through FY18

Variances: None

Cost to Date: $1,467K BTO costs (through Mar 2018)

Additional Funding: $855K cost share leverage via BPA and DOE SEP projects

Budget History

FY 2014– FY 2017
(past) FY 2018 (current) FY 2019

DOE Cost-share DOE Cost-share DOE Cost-share
$1510 $485K $75K $310 TBD $60K

Project Budget
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Project Plan and Schedule


Sheet1

		Project Schedule

		Project Start: 2014				Completed Work

		Projected End: 2019				Active Task (in progress work)

						Milestone/Deliverable (Originally Planned)

						Milestone/Deliverable (Actual)

				FY2017								FY2018

		Task		Q1 (Oct-Dec)		Q2 (Jan-Mar)		Q3 (Apr-Jun)		Q4 (Jul-Sep)		Q1 (Oct-Dec)		Q2 (Jan-Mar)		Q3 (Apr-Jun)		Q4 (Jul-Sep)

		FY17

		National Stakeholder Group has been convened

		M&V Pilots underway with 2-4 utilities

		Organization has agreed to deliver M&V 2.0 tool testing

		Documentation of industry position on accuracy & uncertainty

		FY18

		NRE List review complete; change point approach is coded and tested

		NRE ID algorithm developed and accuracy tests defined

		NRA method developed and tested

		Publish findings, and release open source code

		Factsheet on pilots and mini-pilots

		Publish findings from remaining activities
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