
Session 3 - The Tool Box Essential 
Project Development Tools

Ryan Stroupe, PG&E Pacific Energy Center



Intent of Presentation
• To highlight resources that support Energy Audits 

and other facility evaluations. 
• Emphasizing free, public-goods resources including

– resources developed at the Pacific Energy Center
– resources developed in California
– resources developed by the Department of Energy

• Emphasizing resources you can utilize when 
planning, conducting and summarizing energy 
audits.
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The Energy Audit Process
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Pre-audit Analysis

Utility billing data
Benchmarking tools

Commercial building surveys

Activities that should be undertaken 
before visiting the facility. 
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Billing Data Analysis: Factors to Consider
• Is seasonal load variation 

noticeable?
• Is scheduled use of facility 

noticeable?
• Are occupancy or production 

changes noticeable?
• Is there a correlation between 

energy usage and cost?
• Is building sub-meter data 

available?
• Can data be used to verify 

energy savings?
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Accessing Utility Billing Data and Tariffs
• Utility billing data 

– Direct from customer
– From utility* 

• Tariffs
– Utility web sites
– Resources on 

understanding rates
*Most utilities will not provide data to 3rd

parties; consultants must get owner 
agreement for utilities to provide billing 
data directly to 3rd party.
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Benchmarking: Energy Star Portfolio Manager

http://www.energystar.gov/index.cfm?c=evaluate_performance.bus_portfoliomanager
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Other Benchmarking Tools: CalArch

http://poet.lbl.gov/cal-arch/

8

http://poet.lbl.gov/cal-arch/�


http://energyiq.lbl.gov/

Other Benchmarking Tools: Energy IQ
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National Building Energy Studies

http://www.eia.gov/forecasts/aeo/http://buildingsdatabook.eren.doe.gov/
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Space Heating
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2009 U.S. Commercial Sector Energy Usage; Annual Energy Outlook 2011

Building Energy – Where Is It All Going?

*Other uses includes service station equipment, automated teller machines, telecommunications 
equipment, medical equipment, pumps, emergencygenerators, combined heat and power in commercial 
buildings, manufacturing performed in commercial buildings, and cooking (distillate), plus residual fuel oil, 
liquefiedpetroleum gases, coal, motor gasoline, and kerosene. 11



California Commercial End-Use Survey (CEUS)
• The California Commercial End-Use Survey

(CEUS, pronounced "soos" like Dr. Seuss) is a 
comprehensive study of commercial sector 
energy use, primarily designed to support the 
state's energy demand forecasting activities. A 
stratified random sample of 2,790 commercial 
facilities was collected from the service areas of 
Pacific Gas and Electric, San Diego Gas & 
Electric, Southern California Edison, Southern 
California Gas Company, and the Sacramento 
Municipal Utility District. The sample was 
stratified by utility service area, climate region, 
building type, and energy consumption level. 

• For each utility service area, floor stocks, fuel 
shares, electric and natural gas consumption, 
energy-use indices (EUIs), energy intensities, 
and 16-day hourly end-use load profiles were 
estimated for twelve common commercial 
building type categories. 

• http://www.energy.ca.gov/ceus/
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CEUS Example 1: Small Office
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CEUS Example 2: Grocery Store
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CEUS Example 3: School
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Site Visit

Equipment Cataloging Documents
Drawings and Other Building Documents

Hand-held meters
Dataloggers
Other Tools

The facility investigation where equipment is cataloged, 
dataloggers are installed, staff interviews are conducted 

and initial energy-saving opportunities are identified.   
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Equipment Cataloging Tools

http://www.energy.wsu.edu/PublicationsandTools.aspx
http://www.energy.wsu.edu/Documents/audit2.pdf
http://www.energy.wsu.edu/Documents/Commercial_audit_checklist_tool.xlsx
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Building Floor Plan
• Reduce to 8.5” x 11”
• If drawings not available 

– Photograph egress plans
– Building outline from Google maps

• Plan should include
– Outline of buildings
– Name and location of each building
– Year of construction for each building
– Size (# of floors and square footage)
– North arrow
– Location of utility meters
– Location of mechanical, electrical and 

other rooms with specialized equipment
– Room layout with glazing shown
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• Temperature/RH/air-speed/ 
illuminance/temp immersion probe

• Surface temperature meter

• Laser distance meter

• Compass

• Strobe tachometer

• Ballast discriminator or
Flicker Checker

Auditor Hand-held Tools

or
19



Dataloggers for Runtime Monitoring
kWh = kW x Runtime

• Measures the hours of operation for energy calculations
• Can be used to determine equipment scheduling issues 
• Appropriate applications

– Non-dimmable lighting
– Constant HVAC loads
– Open/closed state of doors & windows
– Digital control signals

Recorded “on”

Recorded “off” 20



Pacific Energy Center’s Tool Lending Library

• Tools loaned for FREE
• Intended for energy efficiency, demand 

reduction and self-generation projects
• Supported by California public purpose 

funding
• Can be used for building diagnostics, 

sensor calibration or commissioning
• Over 5000 tools in library
• Support information and online Tool 

Request Form at: www.pge.com/pec/tll
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Other Items in Energy Auditor’s Toolkit
• Five senses (though taste has limited utility during an audit)
• Gridded notepad, colored pens & clipboard
• Digital camera
• Business cards
• Calculator
• Rags
• Hat, sun glasses, jacket, ear protection
• Flicker checker (Sylvania: 800.544.4828)
• Simple tool kit

– Flashlight
– Measuring tape
– Screw drivers
– Complete socket set with 5/16th nut driver 
– Insulation tape
– Angled mirror
– Crescent wrench 
– Knife
– Allen wrenches
– Pliers
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Calculations

Building Energy Codes
Equipment Wattage Information

Equipment Efficiency Tables
Full-load Hour Data

Data Management and Analysis Tools
Energy-Savings Calculators

Climate Data
Sources for Implementation Costs

Utility Incentive Details

Compiling and processing data from equipment 
nameplates, dataloggers, building codes, utility rates, 

implementation costs and rebate programs.
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ASHRAE 90.1-2007
• Adopted energy standard 

for many states
• Sections

– Building envelope
– Heating, ventilation & AC
– Service water heating
– Power
– Lighting
– Other equipment
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California’s Title 24, Section 6: 
Building Energy Efficiency Standards

• To provide California with an 
adequate, reasonably-priced, and 
environmentally-sound supply of 
energy.

• Building standard for residential and 
non-residential facilities.

• Baseline for utility incentive programs
• Identifies “the minimum performance 

allowable”

expected update in 2013
http://www.energy.ca.gov/title24/2008standards/index.html 25
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Lighting Wattage Tables

• http://www.nationalgridus.com/non_html/shared_energyeff_super_t8.pdf
• http://www.oncor.com/pdf/programs/objectives/smci_lighting_tab.pdf
• http://www.masssave.com/~/media/Files/Professional/Applications-and-Rebate-

Forms/2011_Retrofit_MA_Lighting_Device_Codes_03-02-2011.ashx
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CEE Premium-Efficiency Initiative

http://www.cee1.org/ind/mot-sys/mtr-ms-main.php327
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Motor Master+ International Software

http://www1.eere.energy.gov/industry/bestpractices/software_motormaster_intl.html
http://www.cee1.org/ind/motrs/CEE_MotorsListApril2010a.xls28
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CEE Guidelines for Rooftop / Split 
Units

www.trane.com

• For larger units, use Consortium 
for Energy Efficiency (CEE) 
guidelines 

• Specify Tier 1 or 2 Efficiency 

http://www.cee1.org/com/hecac/hecac-tiers.pdf29

http://www.cee1.org/com/hecac/hecac-tiers.pdf�


Energy Star Appliance List

http://www.energystar.gov/index.cfm?c=products.pr_find_es_products 30
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Full-load Hour Data for Cycling Equipment

• ASHRAE
• Energy Star

http://www.energystar.gov/ia/busi
ness/bulk_purchasing/bpsavings
_calc/Calc_CAC.xls
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Commercial Kitchen/Food Service Resource

• Life-cycle cost 
calculators

• Appliance 
performance reports

• Rebate information
• Design guides
• Field studies
• Trainings

http://www.fishnick.com32
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Universal Translator (UT) Software
• Manages data from multiple sources

– Dataloggers
– Trend data from energy management systems
– Utility billing data
– Climate data

• Visualization capabilities
• Processed data can be exported to other 

programs
• Includes building diagnostic tools
• Three-year PIER-funded effort began in 2011

33



Get UT at www.utonline.org
• Help 

– Searchable text version
– Training videos

• Frequently Asked Questions
• Reference information
• Users’ forum
• News
• Useful web links

34
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Typical Year Climate Data
• Energy Plus

– Hourly data (8760 records)
– Includes temp, RH, wind speed, wind direction, solar...
– http://apps1.eere.energy.gov/buildings/energyplus/cfm/weather_data.cfm
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Implementation Cost Data
• Sources

– Quote from contractor
– RS Means Guide

• Adjustment factors
– Location

• Materials
• Labor
• Utility rates

– New construction or 
existing building

http://rsmeans.reedconstructiondata.com/
36
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Report Writing

Summarizing all findings into a single document. 

Energy Audit Report Template
Report Reference Materials
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Energy Audit Report Template

3838



Valuable Report Footnotes and Resources
• Typical life of equipment

See ASHRAE Applications: Owning and Operating Costs

• Insignificance of mercury content in fluorescents
http://www.energystar.gov/ia/partners/promotions/change_light/downloads/Fact_Sheet_Mercury.pdf

• List of Operations and Maintenance opportunities
http://www.energy.wsu.edu/Documents/OMchecklists.pdf

• Expected increases in utility costs
http://www.eia.gov/emeu/steo/pub/contents.html

• Demand response research
http://drrc.lbl.gov/

• Writing User-Friendly Energy Audit Reports 
http://www.ise.ufl.edu/capehart/papers/user-rep.doc
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Thank-You

Ryan Stroupe
Building Performance Program Coordinator

Pacific Energy Center
851 Howard Street

San Francisco, CA 94103
415.973.7257

r2s2@pge.com

4040
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Appendix

Web pages, publications and 
other resources

4141



General Energy Audit Resources List
• Procedures for Commercial Building Energy Audits

http://www.ashrae.org
• Database for Energy Efficient Resources (DEER)

http://www.energy.ca.gov/deer/
• The Consortium for Energy Efficiency (CEE)

http://www.cee1.org/
• Washington State University Publications and Tools: 

http://www.energy.wsu.edu/PublicationsandTools.aspx
• Guide to preparing feasibility studies for energy efficiency projects

http://www.energy.ca.gov/reports/2000-03-20_400-00-002.PDF
• How to Hire an Energy Auditor to Identify Energy Efficiency Projects

http://www.energy.ca.gov/reports/efficiency_handbooks/400-00-001C.PDF
• Putting Energy into Profits: Energy Star Guide for Small Business

http://www.energystar.gov/ia/business/small_business/sb_guidebook/smallbizguide.pdf
• Pacific Energy Center’s Tool Lending Library 

www.pge.com/pec/tll
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Billing Data References and Resources
• PG&E Tariff Book

http://www.pge.com/tariffs/
http://www.pge.com/nots/rates/tariffs/electric.shtml
http://www.pge.com/nots/rates/tariffs/GRF.SHTML

• PG&E Third Party Authorization
http://www.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/demandrespons
e/howtoapply/E79-1095%20-Third%20Party%20Authorization.pdf

• EPA Portfolio Manager
http://www.energystar.gov/index.cfm?c=evaluate_performance.bus_portfoliomanager

• Cal-Arch/Energy IQ
http://poet.lbl.gov/cal-arch/
http://energyiq.lbl.gov/

• Commercial Building Survey data
http://www.energy.ca.gov/ceus/
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Lighting References and Resources
• Advanced Lighting Guidelines: 2003 Edition

– http://www.algonline.org/
• Lighting Fundamentals Handbook

– Free through EPRI http://my.epri.com/
• Table of Standard Fixture Wattages

• http://www.nationalgridus.com/non_html/shared_energyeff_super_t8.pdf
• http://www.oncor.com/pdf/programs/objectives/smci_lighting_tab.pdf
• http://www.masssave.com/~/media/Files/Professional/Applications-and-Rebate-

Forms/2011_Retrofit_MA_Lighting_Device_Codes_03-02-2011.ashx

• Occupancy Sensor Design and Application Guide
http://www.wattstopper.com/getdoc/419/OSappsNewDesignFinal.pdf

• PG&E Lighting Incentives
http://www.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/incentivesbyind

ustry/lighting_catalog_final.pdf
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HVAC References and Resources
• Energy Design Resources

www.energydesignresources.com
• ASHRAE Advanced Energy Design Guidelines

– www.ashrae.org
– Small Office, Small Retail, Small Warehouses and Self-Storage 

Buildings, and Schools K-12 are Free
• Energy Cost Calculator for Commercial Unitary Air Conditioners 

http://www1.eere.energy.gov/femp/technologies/eep_eccalculators.html
• Ventilation Strategy Assessment Tool (VSAT):

http://www.energy.ca.gov/research/buildings/tools.html
• Washington State University - calculators & other resources

http://www.energyexperts.org/CalculatorsTools.aspx
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Energy Auditing Techniques for Small and Medium Commercial Facilities2009 46

Refrigeration References and Resources
• Compressor performance  

www.emersonclimate.com
• Summary of measures and tools

www.focusonenergy.com/Business/Commercial-Business/Grocery
• Good discussions on diagnostics 

www.refrigeration-engineer.com
• PG&E Incentives

http://www.pge.com/includes/docs/pdfs/mybusiness/energysavingsreb
ates/incentivesbyindustry/refrigeration_catalog_final.pdf
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Motor References and Resources
• MotorMaster+ 4.0 Provides:

– Tools for analyzing motor performance
– A searchable database of available motors
– http://www1.eere.energy.gov/industry/bestpractices/software_motormaster_intl.html

• Consortium For Energy Efficiency
– Fact sheets and Case studies
– http://www.cee1.org
– http://www.cee1.org/ind/motrs/CEE_MotorsListApril2010a.xls

• U.S. Department of Energy's Motor Challenge Program
http://www1.eere.energy.gov/industry/bestpractices/motor_challenge_national_strategy.html

• Siemens Basics of AC Motors online course
http://www.sea.siemens.com/step
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Natural Gas References and Resources
• Gas Appliance Manufacturers Association

http://www.gamanet.org/
• Database of energy efficient gas appliances

http://www.energy.ca.gov/appliances/database/
• National Board of Boiler and Pressure Vessel Inspectors 

www.nationalboard.org
• Steam trap course

www.spiraxsarco.com/learn
• Bacharach combustion training

http://www.bacharach-inc.com/training.htm
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Envelope References and Resources
• Insulation fact sheet

http://www.ornl.gov/sci/roofs+walls/insulation/ins_08.html

• Efficient window collaborative
http://www.efficientwindows.org/

• Spectrally Selective Glazing guide
http://www.energysavers.gov/your_home/windows_doors_skylights/index.cfm/myto
pic=13450

• Daylighting guidelines
─ http://windows.lbl.gov/pub/designguide/default.html
─ http://www.energydesignresources.com/technology/daylighting-design.aspx

• SkyCalc (skylight calculator)
http://www.energydesignresources.com/Resources/SoftwareTools/SkyCalc.aspx
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Appliance References and Resources
• Energy Star

http://www.energystar.gov/

• ACEEE Consumer Guides (including appliance recycling)
http://www.aceee.org/consumerguide/

• User Guide to Power Management for PCs and Monitors
http://eetd.lbl.gov/EA/Reports/39466/39466.pdf

• Leaking Electricity Research
http://enduse.lbl.gov/info/ACEEE-Leaking.pdf

• PG&E Incentives
http://www.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/incentivesbyi
ndustry/appliances_generalimprovements_catalog_final.pdf
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Renewable References and Resources
• Photovoltaics:

http://www.gosolarcalifornia.org
• Solar Water Heating: 

http://www.solar-rating.org
• Wind: 

http://www.awea.org

Images Courtesy of DOE/NREL 51

http://www.gosolarcalifornia.org/�
http://www.solar-rating.org/�
http://www.awea.org/�


Water Efficiency References and Resources
• California Urban Water Conservation Council

http://www.cuwcc.org/
• EPA's Water Sense

http://www.epa.gov/WaterSense/
• Pacific Institute

http://www.pacinst.org/
• East Bay Municipal Utility District

http://www.ebmud.com/
• StopWaste (Alameda County)

http://www.stopwaste.org/home/index.asp
• CA Dept of Water Resources/Water Use Efficiency 

http://www.water.ca.gov/wateruseefficiency/
• American Water Works Association (AWWA)

http://www.awwa.org/
• US Bureau of Reclamation (USBR)

http://www.usbr.gov/
• CA Landscape Contractors Association (CLCA)

http://www.clca.org/
• Metropolitan Water District

http://www.mwdh2o.com/
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California Irrigation Management 
Information System (CIMIS) 
http://www.cimis.water.ca.gov/cimis/info.jsp
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