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Why Measure & Verify?

• Design & Modeling
– Hypothetical!
– Projected building energy performance

• Construction/Implementation
– Variations
– Commission 

• Test & balance
• Measurement & Verification (M&V)

– Validate design intent w.r.t. energy efficiency
– Need to establish a projected baseline
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Energy Savings

Energy Savings = 

Projected Baseline Energy Use MINUS Post-Construction Energy Use 
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Projected Baseline

• What is the “Baseline” for new construction 
– Hypothetical? 
– May be defined by minimum requirements set by codes 

and standards
• ASHRAE 90.1
• CA Title 24 for utility incentives

– Typical designs based on standard practices 
– Other similar buildings built in the past
– Before identification of energy efficiency areas
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Post Construction Energy Use

• Actual metered and/or sub-metered data
• Calibrated “as-built” building energy model 

(simulated)
– Need to establish “period of operation”
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M&V Protocols
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M & V Methods

• Option A – Partially measured ECM isolation 
– spot measurements

• Option B – ECM isolation 
– continuous measurements

• Option C – Whole building comparison 
– metering/billing
– Regression Analysis

• Option D – Whole building calibrated simulation
– modeling w/ measurements
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M&V Plan

• Document design intent
– ECMs  & baseline design
– Energy-saving strategies
– Equipment performance specs

• Determine M&V options
– IPMVP protocols
– Identify sub-metering or data collection needs & methods
– M&V Intervals/Frequency

• Option D – Building Simulation
– Other options may be useful (beyond this presentation)

• M&V plan development should be an integral part of design 
process
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Building Energy Models – Typical Outputs

• Understanding for Effective Review & Decision Making 
• More than colorful charts & overwhelming data?

– Based on eQUEST
– 100s of pages of output data

• Energy use breakdowns
– by building system

• Chillers, AHUs, Pumps, Lights, Plug Loads
– by season/month
– by thermal component

• Floors, walls, zones, infiltration, ventilation, etc.
– Demand profiles
– Utility costs
– Space temperature profiles

• Interactions & incremental analysis
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Output Examples - Charts
Monthly Energy Consumption
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Monthly Energy Consumption Data
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Monthly Electric Demand Profile
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Space Temperature Data



GovEnergy 2010

Once Again… Energy Savings

Energy Savings = 

Projected Baseline Energy Use MINUS Post-Construction Energy Use 

• Post-construction energy use
– Option 1 – Metered energy use
– Option 2 – Energy use estimated by “calibrated as-built model”
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Building Energy Models for M&V

• Calibrated As-built Model
– Reflects as-built conditions
– Reflects actual operation
– May involve periodic verification of building/systems operation

• Occupancy & usage
• Control sequences
• Set points 
• Equipment performance 

• Projected Baseline Model
– Can also be developed from as-built model by “backing-out” energy 

efficiency
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Calibrated “As-Built” Model –
Commissioning Reports

• Use of commissioning reports
– equipment performance
– sequence of operations
– Actual set points 
– Should document significant deviations from design
– Use of Test & Balance Data

• Measured flow data
• Measured performance data
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Option 1 or Option 2

• Option 1 – Metered energy use
– Requires a highly calibrated baseline
– Inherently includes equipment degradation over time

• Option 2 – Calibrated as-built model
– Minimizes impact of errors in simulation as long as similar errors 

are made in both Projected Baseline and  As-Built models
– Does NOT include equipment degradation over time
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Modeling Based M&V – Where and When?

• Presence of complex interactive energy efficiency 
measures energy efficiency

• Need for whole building performance evaluation
• Need for high degree of accuracy
• Funding for M&V
• Metering and/or sub-metering in place with need for 

tenant billing
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Questions???
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