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CCC PIER Research Program:
“Building Commissioning: Strategies and Technologies for Energy Efficiency”

Project 4: Improving the Persistence of Existing Building Commissioning (EBCx) Benefits
through Building Performance Tracking

» Investigate Performance Tracking Strategies — 21 phone interviews and 5 site visits
» Characterize Tools (Enovity lead researcher on FDD)

* Characterize Performance Metrics and How to Use Them

* Create Guide

* Qutreach
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Presentation Objective

To provide industry and program
context as a foundation for
discussing opportunities and
barriers related to building
performance tracking systems.
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Agenda

 What is building performance tracking and why care?
 Framework for understanding tool functions

« Market opportunities and barriers
 What research is being done?
 Key Takeaways

http://vanibahl.files.wordpress.com/2008/02/general_motors_building.jpg
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Bu'ilding Performance
Tracking

Energy Performance Tracking

System Performance Tracking
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Trends in Building Performance Tracking

« Data everywhere! But what to do with it?

« Smart Grid brings interval data to smaller buildings
 Advancements in Tools / New Players
 Mandates for Benchmarking

 EE programs set to play role in moving industry
forward
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Why Track Energy Performance?

 |dentify energy savings
« Verify energy savings
e Track persistence of savings

» Verify results of demand response programs
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Framework

ENERGY TRACKING

Monthly
Energy
Monitoring

SYSTEM TRACKING

Building
Automation
System

Energy
Information
Systems

Fault
Detection &
Diagnostics

Energy
Anomaly
Detection

Automated
System
Optimization

BUILDING
PERFORMANCE

TRACKING

©California Commissioning Collaborative




California Commissioning Collaborative CCC PIER Program 2009-2012

A little deeper look at the methods...

SO

http://www.primarymedical.co.uk/html/services.html
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Monthly Energy Monitoring

(aka: monthly billing analysis, billing reconciliation)

« Differentiating Features
— Monthly utility bill analysis
— May include link to ENERGY STAR Portfolio Manager

* Primary Applications
— Utility bill reconciliation
— Internal benchmarking
— Period to period comparisons

 Program Drivers
— Use as a screening tool to find big opportunities
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Monthly Utility Bill Benchmarking
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Source: Oregon Department of Administrative Service s (DAS), Utility Manager report
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Energy Information Systems (EIS)

(aka: Enterprise Energy Management System, Continuous Energy
Monitoring System)

« Differentiating Features
— Monitoring of interval meter data (15 min data)
— Web browser interface
— Data filtering

* Primary Applications
— Interval data allows more granular benchmarks and analysis
— Internal benchmarking

 Program Drivers
— Determine opportunities based on load shape analysis
— Pre and post energy snapshots (not M&V)
— Calculate demand reduction for demand response program

Reference:
“Building Energy Information Systems: State of the Technology and User Case Studies”
Granderson et al, LBNL Report 2899E, November 2009
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Time Series Data Example
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Multi-Point Trend report
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Load shape example
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Energy Anomaly Detection (EAD)
(aka: Whole building monitoring with fault detection, Advanced EIS)

« Differentiating Features
— Meter-level anomaly detection through historical models (normalized for
weather and other variables)

 Primary Applications
— Notify when energy is outside of predicted use
— Can be used to track energy savings compared to a baseline

 Program Drivers
— M&V for O&M, performance-based, and behavior-based programs
— Track persistence of whole building energy performance
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EAD Example
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Building Automation Systems (BAS)
(aka: DDC, EMS, EMCS, BMS)

« Differentiating Features
— Primarily to control HVAC and lighting; also troubleshoot problems

— Manual or semi-automated performance tracking

* Primary Applications
— Use to find cause of energy anomalies
— Can calculate system metrics
— “Smart alarms” to help detect problems

 Program Drivers
— Help find energy opportunities, especially controls
— AutoDR protocols; signal to BAS to initiate DR routines
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BAS Example
Ahu09 | rooran | ome |

Unit Status AHU Status

Return Alr
Temp : 85,1 0f

Shutadow Comiman: Trise
Exhaust Air

- -

_ Fone Information
[ i 1 | Al
Dutside Alr . | est Temp i F
e ;. Sl W .

Discharge Air

Econmmizer Static Pressures

©California Commissioning Collaborative




California Commissioning Collaborative CCC PIER Program 2009-2012

Fault Detection and Diagnostic (FDD) Tools

FD Automated detection of faults

D  Automated assistance in diagnosing the
cause of the fault
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Fault Detection and Diagnostics (FDD)

(aka: monitoring-based commissioning, system monitoring with FDD)

« Differentiating Features
— ldentifies specific equipment or system level faults using BAS data
— System fault identification “rules-based”
— Helps to diagnose possible causes of fault

* Primary Applications
— Automatically detect faults and alert operators
— Track persistence of system performance

 Program Drivers
— Improve persistence of savings from operations-based programs

— ldentify savings opportunities (augment Cx process)
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Automated Optimization Software
(aka: continuous energy optimization, control optimization software)

« Differentiating Features

— Automatically adjusts system control based on FDD routines and
system parameters

* Primary Applications
— So far, for large chilled water plants and VAV box auto-tuning

 Program Drivers
— To achieve persistent energy savings over time
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Example
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What are the market opportunities and barriers?

http://freephotooftheday.clientk.com/wp02/wp-content/uploads/2007/06/melbourne-cityscape-vi.jpg
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Current Market Characterization

 EIS becoming more common for campus/large owners
« EAD seems to be getting quicker uptake than FDD

« Automated optimization software newer to market

« Some tool vendors deliver multiple functions
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Big Picture Opportunities

 Solutions that combine Monitor Detect
tools/technology and & Track 2\ Problems
management systems

 Help customers act on data
(support & incentives)

e Value in EAD for big
picture tracking

e Value in FDD for helping
Improve operations

Fix 4 Diagnose
Problems Solutions
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Barriers

e Wide variety of tools with many new offerings; varying
rigor and approaches

e Cost-benefit information on tools alone is anecdotal
— 4-12%; all residential evaluations (Ehrhardt-Martinez et al, 2010)

e Barriers to using whole building savings verification
approach (measure-based approaches most common)

« Lack of staff time, training, and management structures
to support use of tools
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What research is being done?

« CCC/PIER Building Performance Tracking Guide in Q1
2011

« PECI characterization/review of specific systems
 LBNL EIS Research — Best Practices in EIS

« CEC PIER Guide and ASHRAE research on using meter
data for verification of savings

« ASHRAE research project to develop standard
performance metrics and dashboards for BAS

 NIST Smart Grid interoperability standards
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Key Takeaways

« Customers need help understanding the options

 Two functional tracks: energy performance and system
performance

 EE Program applications
— ldentify savings
— Verify savings
— Track persistence of savings
— Verify results of demand response programs

 EE program involvement could spur building
performance tracking market
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QUESTIONS?

Hannah Friedman, P.E.
Technical Research Director
hfriedman@peci.org
503-595-4492

http://www.made-in-england.org/port/Cityscape.jpg
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