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Ten Key Retrocommissioning Skills

1. Be Able to Benchmarking and 
Perform Utility Analysis

2. Be able to Scope a Facility

3. Be Familiar with Fundamental 
Principles and HVAC

4. Understand and Apply the 
System Concept

5. Be Able to Perform Data 
Logging and Trend Analysis

6. Be Familiar with Functional 
Testing Techniques

7. Be Familiar with Data 
Analysis Techniques

8. Be Familiar with Basic HVAC 
and Energy Calculations

9. Be Familiar with Cost/Benefit 
and Return on Investment 
Calculations

10. Develop a Competency with 
Control Systems
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Ryan’s Ten Learning Objectives

Skill 01
Be Able to Benchmarking and 
Perform Utility Analysis

Learning Objective
Benchmark a facility and analyze 
its utility consumption patterns 
using billing and interval data
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Ryan’s Ten Learning Objectives

Skill 02
Be able to Scope a Facility

Learning Objective
Scope a facility and identify 
obvious indicators of opportunities 
to improve performance and/or 
reduce resource consumption
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Ryan’s Ten Learning Objectives

Skill 03
Be Familiar with Fundamental 
Principles and HVAC

Learning Objective
Apply a fundamental knowledge 
of HVAC systems in the EBCx 
process, including an 
understanding of mechanical 
components, systems and 
controls
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Ryan’s Ten Learning Objectives

Skill 04
Understand and Apply the System 
Concept

Learning Objective
Apply the system concept and 
develop diagrams that illustrate 
key systems in a facility
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Ryan’s Ten Learning Objectives

Skill 05
Be Able to Perform Data Logging 
and Trend Analysis

Learning Objective
Utilize trending capabilities of 
control systems to collect building 
performance data and know how 
to supplement EMS trend data 
with data loggers
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Ryan’s Ten Learning Objectives

Skill 06
Be Familiar with Functional 
Testing Techniques

Learning Objective
Apply functional testing 
techniques and know how to 
develop and run a test targeted at 
providing the information needed 
to resolve operational issues
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Ryan’s Ten Learning Objectives

Skill 07
Be Familiar with Data Analysis 
Techniques

Learning Objective
Analyze data collected from 
trends, data loggers and tests to 
support projects and resolve 
operational challenges
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Ryan’s Ten Learning Objectives

Skill 08
Be Familiar with Basic HVAC and 
Energy Calculations

Learning Objective
Utilize basic HVAC and energy 
calculations to assess the impact 
of proposed building 
improvements
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Ryan’s Ten Learning Objectives

Skill 09
Be Familiar with Cost/Benefit and 
Return on Investment 
Calculations

Learning Objective
Apply Return-On-Investment 
(ROI) calculations to determine 
the financial cost and benefit  of 
EBCx projects and present this 
information to facility ownership
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Ryan’s Ten Learning Objectives

Skill 10
Develop a Competency with 
Control Systems

Learning Objective
Apply an understanding of 
building control systems by 
developing monitoring points lists, 
narrative control sequences and 
logic diagrams, and then use 
these tools to identify control 
issues and pursue tuning 
opportunities
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The Evolving Skill Set

1. Be Able to Benchmarking and 
Perform Utility Analysis

2. Be able to Scope a Facility

3. Be Familiar with Fundamental 
Principles and HVAC

4. Understand and Apply the 
System Concept

5. Be Able to Perform Data 
Logging and Trend Analysis

6. Be Familiar with Functional 
Testing Techniques

7. Be Familiar with Data 
Analysis Techniques

8. Be Familiar with Basic HVAC 
and Energy Calculations

9. Be Familiar with Cost/Benefit 
and Return on Investment 
Calculations

10. Develop a Competency with 
Control Systems
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1. Be Able to Benchmarking and 
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10. Develop a Competency with 
Control Systems



The Evolving Skill Set

1. Be Able to Benchmarking and 
Perform Utility Analysis

2. Be able to Scope a Facility

3. Be Familiar with Fundamental 
Principles and Building 
Systems

4. Understand and Apply the 
System Concept

5. Be Able to Perform Data 
Logging and Trend Analysis

6. Be Familiar with Functional 
Testing Techniques

7. Be Familiar with Data 
Analysis Techniques

8. Be Familiar with Basic HVAC 
and Energy Calculations

9. Be Familiar with Cost/Benefit 
and Return on Investment 
Calculations

10. Develop Implementation 
Skills
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RCx University
https://www.rcxuniversity.org/
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The Emerging C Checklist
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The Technical 
Guide

A Tool to Help You Learn
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Ten Key Retrocommissioning Skills

1. Be Able to Benchmarking and 
Perform Utility Analysis

2. Be able to Scope a Facility

3. Be Familiar with Fundamental 
Principles and HVAC

4. Understand and Apply the 
System Concept

5. Be Able to Perform Data 
Logging and Trend Analysis

6. Be Familiar with Functional 
Testing Techniques

7. Be Familiar with Data 
Analysis Techniques

8. Be Familiar with Basic HVAC 
and Energy Calculations

9. Be Familiar with Cost/Benefit 
and Return on Investment 
Calculations

10. Develop a Competency with 
Control Systems

Our Focus for This Class
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Energy Used vs. Energy Consumed
A Simple System
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Energy Used vs. Energy Consumed
A Simple System
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Energy Used vs. Energy Consumed
A Simple System
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Energy Used vs. Energy Consumed
A Not So Simple System
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Energy Used vs. Energy Consumed
A Not So Simple System
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It Takes Energy to Distribute Energy

Conversion Distribution
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Distribution Systems have Parasitic Losses
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Distribution Systems have Parasitic Losses
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Conversion Efficiency vs. Distribution 
Efficiency Improvements
Conversion Efficiency 
Improvements
• A very direct function of 

consumption
• Potentially easy to achieve 

(change a piece of equipment)

• Potentially very costly to 
achieve (the equipment you 
have to change is a prime 
mover)

• May not address the root 
cause of the problem 
(dysfunction at the loads)

Distribution Efficiency 
Improvements
• Related to consumption, but 

just about always necessary
• More complex to achieve 

(requires you address multiple 
potentially interactive issues)

• Potentially an order of 
magnitude less costly than 
changing a prime mover

• Addresses the root cause of 
the problem
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Site vs. Source Energy Perspective

Site Energy

Energy that passes through your 
meter

Source Energy

Energy that passed through the 
power plant
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Site vs. Source Energy Perspective

Site Energy

Electric Heat is 100% Efficient

Source Energy

Electric Heat is 30% Efficient
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Site vs. Source Energy Perspective

Site Energy

Electric Heat is 100% Efficient

Source Energy

Electric Heat is Free
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Site vs. Source Energy Perspective

Site Energy

Electric Heat is 100% Efficient

Source Energy

Electric Heat is Sustainable

33THE 10 SKILLS - A CLOSER LOOK



Site vs. Source Energy Perspective

Site Energy

Electric Heat is 100% Efficient

Source Energy

Sustainable Energy Impacts 
Salmon Migration
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Site vs. Source Energy Perspective

Site Energy

Electric Heat is 100% Efficient

Source Energy

Sustainable Energy Eradicated a 
Culture
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Transmission Losses are Significant

36

There are currently 6-8% losses 
in these lines between the 

power plant and your meter

A coal fired Midwest power plant



Conversion losses are significant
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The current average 
heat rate for fossil fuel 
fired plants is 10,000 

Btus in for every 
3,413 Btus out (1 kW)

A coal fired Midwest power plant



Physical Principles will Prevail
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Conservation of mass and energy 
says that all of the mass in this 

pile of coal other than the fly ash 
will end up in the atmosphere

A coal fired Midwest power plant



Bottom Line

Generating power consumes 
finite resources and impacts 
the environment



Reducing Atmospheric Impacts

We expect our energy mix to be 70% carbon free by 2040 based on 
current commitments and mandates, and we're working to deliver 
the right resources and technologies to make that happen.

Energy Strategy; www.portlandgeneral.com



Reducing Atmospheric Impacts

Moving away from carbon 
fuels is a common, long term 
goal for many utilities



Reducing atmospheric impacts

The commissioning tool set 
can have an immediate 
impact by reducing the need 
for energy in the first place

It’s a win-win situation



Options for Assessment

• Measure It
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Options for Assessment

• Measure It
• Ask the Plant Operating Team
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Options for Assessment

• Measure It
• Ask the Plant Operating Team
• Use Industry Metrics
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Skill 01 – Benchmarking and Utility Analysis

Learning Objectives
• Know how to benchmark your facility against a 

national database of some sort.
• Know how to normalize your utility bills and create an 

average daily energy consumption analysis.
• Know how to compare your average daily energy 

consumption to key drivers like occupancy and 
heating and cooling degree days

• Know how to use interval data
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What is Benchmarking?

Benchmarking compares the performance of your facility to 
that of similar facilities of a similar size, age, occupancy, 
and function that are located in a similar climate.  
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Energy Utilization Index (EUI)

The Metric Typically Used to Benchmark
• Requires consumption be converted to a common unit
• KiloBtu’s per Square Foot per Year

EUI from 2014 Data
Source Energy Conversion - Electricity 3.365 Source Energy and Emission Factors for Energy Use in Buildings
Source Energy Conversion - Gas 1.092 Source Energy and Emission Factors for Energy Use in Buildings
Btu per kWh 3,413
Btu per therm 100,000
Building square footage (no mech space) 10,715 Formulas in the square foot tab of Multiople Location Cost anr Kwh.xls

Billed Units Btus Billed Units Btus
Electricity 190,716 650,914,664 641,760 2,190,327,844
Gas therms 4,021 402,149,182 4,391 439,146,906

Total Btus 1,053,063,845 2,629,474,750
Total kBtus 1,053,064 2,629,475
kBtu/sq.ft. 98 245

Energy Source Whole Building Energy Benchmark
Site Energy Source Energy
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Benchmarking Resources
• Building Performance Database

• https://bpd.lbl.gov/
• EnergyStar Portfolio Manager

• http://www.energystar.gov/buildings/facility-owners-
and-managers/existing-buildings/use-portfolio-
manager

• Labs 21
• http://labs21benchmarking.lbl.gov/

• Oakridge National Labs
• http://eber.ed.ornl.gov/benchmark/bench.htm
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Benchmarking Against CBECS via DOE Buildings 
Performance Database

https://bpd.lbl.gov/
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What is Utility Consumption Analysis?

• Utility consumption analysis looks for trends in utility 
consumption patterns that are indicators of opportunities 
to save resources.  These patterns are also indicators of 
the persistence of benefits provided by past projects
• Average daily basis
• Normalized to the calendar month  
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Average Daily Energy Consumption Analysis

Compare average monthly patterns to potential drivers
• Heating and cooling degree days 

(http://www.weatherdatadepot.com/)
• Occupancy patterns
• Production
Critical considerations
• Data needs to be averaged over the days in the billing period
• Data needs to be normalized to the month not the billing 

period
Utility Consumption Analysis Tool (UCAT) will do the work for you 
(www.CACx.org)
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An Example

Retrocommissioning Findings: 
Scoping a Dental Clinic VAV 
Reheat System–Part 1

Available at www.Av8rDAS.com
• Follow the blog link
• Search for “Dental”
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Leveraging the Utility Data

Use the utility data to “frame” your project
• Reverse engineer the savings potential from utility 

consumption, industry metrics and past experience
• Reverse engineer the over-all project budget from 

what is  justified by the savings potential and the 
Owner’s financial metrics

• Reverse engineer budget line item amounts from 
past experience if needed

• Quantify risk by assessing the obvious

60THE 10 SKILLS - A CLOSER LOOK



Leveraging the Utility Data

Utility Consumption Analysis Tool 
(UCAT) 
• Allows very quick 

assessments of utility 
consumption patterns based 
on billing data and use

LBNL Commissioning Cost and 
Benefit Reports
• Provides savings metrics for 

EBCx and other Cx 
processes
‒ General case median for 

EBCx is 16% reduction
• Upper limit – 31%
• Lower limit – 9%

‒ Includes metrics by 
building type too

Free download from 
www.CACx.org
• Select “Resources” then 

“Tools and Templates” then 
“Existing Building Cx”

Free download from 
http://cx.lbl.gov/
• Select Cost-Benefit 

Assessments
• 2004 Assessment is the 

foundation
• 2009 Assessment updates the 

2004 report
• MBCx report focuses on the 

UC/CSU/IOU program
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Dental Clinic Annual Consumption
Annual Consumption - From a  baseline report, utility bills, utility meters, etc.

Energy $
Electricity - kWh/$ per year 190,716 $36,236 Source = Dental Clinic Energy Analysis v1.xlsx

Thermal at the Central Plant - Therms/$ per year 4,021 $4,021 Source = Dental Clinic Energy Analysis v1.xlsx
TOTAL $40,258

$3.76 $ per square foot per year
EUI Factors Site Energy Source Energy

Electrical Energy 61 204 kBtu/sq.ft./yr.
Thermal Energy 38 41 kBtu/sq.ft./yr.
Total 98 245 kBtu/sq.ft./yr.

Savings Projection Based on the LBNL Cost Benefit Study
LBNL Cx Cost Benefit Median Energy Savings (2009 update) - 16% of Whole Building Energy Consumption. 

Low End High End
Potential savings range for the purposes of our discussion - 10% 16%

Potential annual savings - $4,026 $6,441 $ per year
Potential electrical savings - 19,072 30,515 kWh per year

Potential thermal savings - 402 643 Therms per year

$ per year

Set based on LBNL Metric and 
engineering judgement related 
to observations on site and the 
special systems present
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Dental Clinic Project Budget Range
Annual Consumption - From a  baseline report, utility bills, utility meters, etc.

Energy $
Electricity - kWh/$ per year 190,716 $36,236 Source = Dental Clinic Energy Analysis v1.xlsx

Thermal at the Central Plant - Therms/$ per year 4,021 $4,021 Source = Dental Clinic Energy Analysis v1.xlsx
TOTAL $40,258

$3.76 $ per square foot per year
EUI Factors Site Energy Source Energy

Electrical Energy 61 204 kBtu/sq.ft./yr.
Thermal Energy 38 41 kBtu/sq.ft./yr.
Total 98 245 kBtu/sq.ft./yr.

Savings Projection Based on the LBNL Cost Benefit Study
LBNL Cx Cost Benefit Median Energy Savings (2009 update) - 16% of Whole Building Energy Consumption. 

Low End High End
Potential savings range for the purposes of our discussion - 10% 16%

Potential annual savings - $4,026 $6,441 $ per year
Potential electrical savings - 19,072 30,515 kWh per year

Potential thermal savings - 402 643 Therms per year

$ per year

Set based on LBNL Metric and 
engineering judgement related 
to observations on site and the 
special systems present

Expenditure Justified by Anticipated Savings
Simple payback time frame - 5 years 10 years

Savings range - Low End High End Low End High End
Energy savings after the indicated interval, 2013 $ - $20,129 $32,206 $40,258 $64,412

Incentive, 2013 $ - $0 $0 $0 $0
Total, 2013 $ - $20,129 $32,206 $40,258 $64,412
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An Eagle over Cambridge, UK. 
© Christie Nel

Looking for Shapes in the Clouds
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A heart does a balancing act and a cloud pup looks on over St. Johns, Oregon, US. 
© David and Kathy Sellers

Looking for Shapes in the Clouds
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A Cloud Revealing Something About Buildings. 
© JR Hott

Looking for Shapes in the Clouds
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A Cloud Revealing Something About Buildings. 
© JR Hott

Looking for Shapes in the Clouds
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A Cloud Revealing Something About Buildings. 
© JR Hott

Looking for Shapes in the Clouds
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A Cloud Revealing Something About Buildings. 
© JR Hott

Looking for Shapes in the Clouds
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Regressions

• Step 1
‒ Develop a relationship defining how one parameter  

(often called the dependent variable) varies as a 
function of a second parameter (often called the 
independent variable) based on measured data

• Step 2
‒ Use that relationship to project  how the dependent 

variable might behave under conditions for which you 
only have independent variable data
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Looking for Shapes in the Clouds
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Mining Utility Interval Data

1. Start with a basic data set from a smart meter
• Once a day is workable
• Once an hour is better

Once every 15 minutes may be possible
Address 607 LAWTON RD, MONTEREY, CA 93940
Account Numbe 5491342676
Service 5491342801

TYPE DATE START TIMEND TIMUSAGEUNIT COST NOTES

Electric usage 6/9/2014 0:00 0:14 9.6 kWh $1.52
Electric usage 6/9/2014 0:15 0:29 9.12 kWh $1.44
Electric usage 6/9/2014 0:30 0:44 8.28 kWh $1.31
Electric usage 6/9/2014 0:45 0:59 8.88 kWh $1.40
Electric usage 6/9/2014 1:00 1:14 9.24 kWh $1.46
Electric usage 6/9/2014 1:15 1:29 8.28 kWh $1.31
Electric usage 6/9/2014 1:30 1:44 8.52 kWh $1.34
Electric usage 6/9/2014 1:45 1:59 9 kWh $1.42
Electric usage 6/9/2014 2:00 2:14 9.96 kWh $1.57
Electric usage 6/9/2014 2:15 2:29 8.28 kWh $1.31
Electric usage 6/9/2014 2:30 2:44 9 kWh $1.42
Electric usage 6/9/2014 2:45 2:59 8.28 kWh $1.31
Electric usage 6/9/2014 3:00 3:14 8.28 kWh $1.31
Electric usage 6/9/2014 3:15 3:29 9 kWh $1.42
Electric usage 6/9/2014 3:30 3:44 8.4 kWh $1.33
Electric usage 6/9/2014 3:45 3:59 8.28 kWh $1.31
Electric usage 6/9/2014 4:00 4:14 8.4 kWh $1.33
Electric usage 6/9/2014 4:15 4:29 9.12 kWh $1.44
Electric usage 6/9/2014 4:30 4:44 8.28 kWh $1.31
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Mining Utility Interval Data

2. Combine the data and time stamps into one cell and 
then correlate the date and time with an outdoor air 
temperature or other data like occupancy, production, 
etc.

Address 607 LAWTON RD, MONTEREY, CA 93940
Account Numbe 5491342676
Service 5491342801

TYPE DATE START TIMEND TIMUSAGEUNIT COST NOTES Date and Time Outdoor 
Temperature, 

°F

Electric usage 6/9/2014 0:00 0:14 9.6 kWh $1.52 6/9/2014 0:00 57.90
Electric usage 6/9/2014 0:15 0:29 9.12 kWh $1.44 6/9/2014 0:15 57.20
Electric usage 6/9/2014 0:30 0:44 8.28 kWh $1.31 6/9/2014 0:30 57.20
Electric usage 6/9/2014 0:45 0:59 8.88 kWh $1.40 6/9/2014 0:45 57.20
Electric usage 6/9/2014 1:00 1:14 9.24 kWh $1.46 6/9/2014 1:00 55.90
Electric usage 6/9/2014 1:15 1:29 8.28 kWh $1.31 6/9/2014 1:15 55.40
Electric usage 6/9/2014 1:30 1:44 8.52 kWh $1.34 6/9/2014 1:30 55.40
Electric usage 6/9/2014 1:45 1:59 9 kWh $1.42 6/9/2014 1:45 55.40
Electric usage 6/9/2014 2:00 2:14 9.96 kWh $1.57 6/9/2014 2:00 55.90
Electric usage 6/9/2014 2:15 2:29 8.28 kWh $1.31 6/9/2014 2:15 55.40
Electric usage 6/9/2014 2:30 2:44 9 kWh $1.42 6/9/2014 2:30 55.40
Electric usage 6/9/2014 2:45 2:59 8.28 kWh $1.31 6/9/2014 2:45 55.40
Electric usage 6/9/2014 3:00 3:14 8.28 kWh $1.31 6/9/2014 3:00 55.90
Electric usage 6/9/2014 3:15 3:29 9 kWh $1.42 6/9/2014 3:15 55.40
Electric usage 6/9/2014 3:30 3:44 8.4 kWh $1.33 6/9/2014 3:30 55.40
Electric usage 6/9/2014 3:45 3:59 8.28 kWh $1.31 6/9/2014 3:45 53.60
Electric usage 6/9/2014 4:00 4:14 8.4 kWh $1.33 6/9/2014 4:00 55.00
Electric usage 6/9/2014 4:15 4:29 9.12 kWh $1.44 6/9/2014 4:15 55.00
Electric usage 6/9/2014 4:30 4:44 8.28 kWh $1.31 6/9/2014 4:30 55.00
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Address 607 LAWTON RD, MONTEREY, CA 93940
Account Numbe 5491342676
Service 5491342801

TYPE DATE START TIMEND TIMUSAGEUNIT COST NOTES Date and Time Outdoor 
Temperature, 

°F

Time 
interval, 
Hours

Demand, 
kW

Year Month Day of 
Month

Day of 
Week 

(Sunday 
is 1)

Year and 
Month

Hour of 
Day

Interval 
Counter

1 if 
demand 
is above 
20 kW

1 if 
demand 
is above 
50 kW

Electric usage 6/9/2014 0:00 0:14 9.6 kWh $1.52 6/9/2014 0:00 57.90 2014 6 9 2 2014/6 0 1 0 0
Electric usage 6/9/2014 0:15 0:29 9.12 kWh $1.44 6/9/2014 0:15 57.20 0.25 36.48 2014 6 9 2 2014/6 0 1 1 0
Electric usage 6/9/2014 0:30 0:44 8.28 kWh $1.31 6/9/2014 0:30 57.20 0.25 33.12 2014 6 9 2 2014/6 0 1 1 0
Electric usage 6/9/2014 0:45 0:59 8.88 kWh $1.40 6/9/2014 0:45 57.20 0.25 35.52 2014 6 9 2 2014/6 0 1 1 0
Electric usage 6/9/2014 1:00 1:14 9.24 kWh $1.46 6/9/2014 1:00 55.90 0.25 36.96 2014 6 9 2 2014/6 1 1 1 0
Electric usage 6/9/2014 1:15 1:29 8.28 kWh $1.31 6/9/2014 1:15 55.40 0.25 33.12 2014 6 9 2 2014/6 1 1 1 0
Electric usage 6/9/2014 1:30 1:44 8.52 kWh $1.34 6/9/2014 1:30 55.40 0.25 34.08 2014 6 9 2 2014/6 1 1 1 0
Electric usage 6/9/2014 1:45 1:59 9 kWh $1.42 6/9/2014 1:45 55.40 0.25 36.00 2014 6 9 2 2014/6 1 1 1 0
Electric usage 6/9/2014 2:00 2:14 9.96 kWh $1.57 6/9/2014 2:00 55.90 0.25 39.84 2014 6 9 2 2014/6 2 1 1 0
Electric usage 6/9/2014 2:15 2:29 8.28 kWh $1.31 6/9/2014 2:15 55.40 0.25 33.12 2014 6 9 2 2014/6 2 1 1 0
Electric usage 6/9/2014 2:30 2:44 9 kWh $1.42 6/9/2014 2:30 55.40 0.25 36.00 2014 6 9 2 2014/6 2 1 1 0
Electric usage 6/9/2014 2:45 2:59 8.28 kWh $1.31 6/9/2014 2:45 55.40 0.25 33.12 2014 6 9 2 2014/6 2 1 1 0
Electric usage 6/9/2014 3:00 3:14 8.28 kWh $1.31 6/9/2014 3:00 55.90 0.25 33.12 2014 6 9 2 2014/6 3 1 1 0
Electric usage 6/9/2014 3:15 3:29 9 kWh $1.42 6/9/2014 3:15 55.40 0.25 36.00 2014 6 9 2 2014/6 3 1 1 0
Electric usage 6/9/2014 3:30 3:44 8.4 kWh $1.33 6/9/2014 3:30 55.40 0.25 33.60 2014 6 9 2 2014/6 3 1 1 0
Electric usage 6/9/2014 3:45 3:59 8.28 kWh $1.31 6/9/2014 3:45 53.60 0.25 33.12 2014 6 9 2 2014/6 3 1 1 0
Electric usage 6/9/2014 4:00 4:14 8.4 kWh $1.33 6/9/2014 4:00 55.00 0.25 33.60 2014 6 9 2 2014/6 4 1 1 0
Electric usage 6/9/2014 4:15 4:29 9.12 kWh $1.44 6/9/2014 4:15 55.00 0.25 36.48 2014 6 9 2 2014/6 4 1 1 0
Electric usage 6/9/2014 4:30 4:44 8.28 kWh $1.31 6/9/2014 4:30 55.00 0.25 33.12 2014 6 9 2 2014/6 4 1 1 0

Mining Utility Interval Data

3. Use Excel Functions to break out useful data like kW 
and data that can be used as a “filter” like hour of day, 
day of week, month, etc.
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Mining Utility Interval Data

4. Have Fun

Before After
Hours in data set - 10,919 10,919

Hours infiltered data set - 2,016 2,208
kWh - 75,908 72,600

USAGE UNITS COST NOTES Time 
interval, 
Hours

Demand
, kW

Outdoor 
Temperatur

e, °F

Year Month Day of 
Month

Day of 
Week 

(Sunday is 
1)

Year and 
Month

Hour of 
Day

Interval 
Counter

1 if demand 
is above 20 

kW

1 if demand 
is above 50 

kW

9.6 kWh $1.52 57.90 2014 6 9 2 2014/6 0 1 0 0
9.12 kWh $1.44 0.25 36.48 57.90 2014 6 9 2 2014/6 0 1 1 0
8.28 kWh $1.31 0.25 33.12 57.90 2014 6 9 2 2014/6 0 1 1 0
8.88 kWh $1.40 0.25 35.52 57.90 2014 6 9 2 2014/6 0 1 1 0
9.24 kWh $1.46 0.25 36.96 57.90 2014 6 9 2 2014/6 1 1 1 0
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Mining Utility Interval Data

When the consumption pattern 
changes, the cloud pattern 
changes
• Good Measurement and 

Verification (M&V) tool
• Good persistence tool
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Applied at a System Level
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Regressions and Savings Assessments
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Looking for Shapes in the Clouds
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Interval Data and Average Daily Consumption
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Make Sure Your Data is Right
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Item Rating, lb/hr Assumed 
load

DHW Heaters 4,000 2,000

HHW Hx 6,500 3,250
Still 90 45

Future loads Unknown 0
TOTAL 10,590 5,295

12,000 lb/hr (from original drawings)
7,500 lb/hr (from original drawings)
6,500 lb/hr (from original drawings)
3,250 lb/hr (from original drawings)

113,750 therms/year at the central plant
12.5 th/MMBtu
80%

91,000 therms/year at the building
10 therms/hour average

1,039 lb/hr
97,768 sq.ft.

1.16 therms per sq.ft per year

Load Projections Based on Equipment and SEP Metrics

Steam loads from original drawing capacities

Steam loads from SEP metrics

Comment

Rating based on trap rating from original drawings, Suspect real consumption is minimal 
and very intermittent

Assumed load based on pump rated flow at design temperature rise
3/4" line, assumed very intermittent
1" capped connection on each floor is available

Steam loads from original equipment metrics
Original steam meter size - 

Steam PRV station rating for HHW Hx - 
Original Hx Rating - 

HW system rating - 500 x pump gpm x ∆t - 

 - 
Building squarefootage - 

Index - 

SEP Annual Consumption Metric - 
SEP steam system efficiency - 

 - 
SEP metric at the building - 

 - 
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Basis Condensate 
Pump

Obvious 
Meter

Start date (at midnight)
End Date (through this day)

Pounds of Steam Consumed 185,181 203,630
10%

Tuesday 09/25/12
Monday 10/01/12

Percentage High Relative to the Pump

Basis Condensate 
Pump

Obvious 
Meter

Start date (at midnight)
End Date (through this day)

Pounds of Steam Consumed 185,181 203,630
10%

Tuesday 09/25/12
Monday 10/01/12

Percentage High Relative to the Pump
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Success in One Area can be Masked by 
Increasing Loads in Other Areas
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Success in One Area can be Masked by 
Increasing Loads in Other Areas
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Success in One Area can be Masked by 
Increasing Loads in Other Areas
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Skill 02 – Scoping 

Learning Objectives
• Learn how to connect the dots between physical 

realities and fundamental physics
• Develop a familiarity with the physical principles that 

apply the building systems and HVAC.
• Learn to trust your “gut” and “follow your nose”.

99THE 10 SKILLS - A CLOSER LOOK



Skill 02 – Scoping

Looking for Obvious Clues
• Do things make sense?

• Should the outdoor air 
dampers be open or closed 
given the current 
conditions?

• Should the chilled water coil 
be active given the current 
conditions?

• Are things running when 
they don’t need to run?
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What’s Obvious to One May Not Be 
Obvious to Another
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Skill 02 – Scoping

Applying Fundamental 
Principles can be Helpful
• Fundamental principle

Power used over time is 
energy

• Helpful insights
1. If I optimize the number of 

hours that a machine 
operates, I will save energy

2. If I reduce the power 
required by a machine to 
operate for any period of 
time, I will save energy
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Skill 02 – Scoping

Applying Fundamental 
Principles can be Helpful
• Fundamental principle

Pump power is a direct 
function of the flow and head 

produced
• Helpful insights

1. If I reduce the head or the 
flow, I will reduce the power 
required

2. If there is unnecessary 
head or flow that I can 
eliminate, I will reduce the 
power required
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Skill 02 – Scoping

Applying Fundamental 
Principles can be Helpful
• Fundamental principle

Head required varies as the 
square of the flow

• Helpful insights
1. If I cut the flow in half the 

pressure required to 
produce it will be cut to 25% 
of what it was for a fixed 
system

2. For a fixed system, pump 
power will vary in proportion 
to the cube of the flow
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Skill 02 – Scoping

Applying Fundamental 
Principles can be Helpful
• Fundamental principle

As an engineer, I my actions 
will result in the expenditure of 

energy and other resources
• Helpful insight

I have more than a technical and 
financial responsibility for 

resource expenditures, I also 
have an ethical responsibility

http://tinyurl.com/EnergyEthic
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Skill 02 – Scoping

Applying Fundamental 
Principles can be Helpful
• Fundamental principle

The fundamental goal of most 
building systems is to provide 

an environment that is safe, 
clean, comfortable and 

productive 
• Helpful insight

If, in the name of efficiency and 
sustainability, I do something that 

makes the built environment 
unsafe, unclean, uncomfortable or 

unproductive, then I have done a 
disservice
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Looking at a Few Examples

Equipment in “Hand”
• Very common
• Potential big savings for a low cost 

(maybe)
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Looking at a Few Examples

Equipment in “Hand”
• The Applicable Fundamental 

Principles
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Looking at a Few Examples

Equipment in “Hand”
• Evaluating the savings with field 

data …

The pump is probably throttled to 
design conditions

The pump nameplate probably 
reflects design conditions
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Looking at a Few Examples

Equipment in “Hand”
• Evaluating the savings with field 

data …
... operator insights …

The operators typically can 
provide key information like hours 
of operation and when they need 
to start chillers vs. using 
economizer cooling

The operators typically can 
provide key information like hours 
of operation and when they need 
to start chillers vs. using 
economizer cooling
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Looking at a Few Examples

Equipment in “Hand”
• Evaluating the savings with field 

data …
... operator insights …

... and climate data

Bin data, TMY data or hourly 
weather data from a national 
climate resource can provide a 
sense of how many hours a year 
exist at the conditions associated 
with different operating modes
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Looking at a Few Examples

Throttled Pumps
• Very common
• Many ways to achieve the savings

with pros and cons to each that 
will be equipment and site specific
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Looking at a Few Examples

Throttled Pumps
• The Applicable Fundamental 

Principle

113THE 10 SKILLS - A CLOSER LOOK



Skill 03 - HVAC Fundamentals
A Really Big Topic

1. Saturated Systems
2. Loads
3. Centrifugal Machines
4. Piping Systems
5. Refrigeration and 

Cooling Equipment

6. Heating Equipment
7. Variable Flow Water 

Systems
8. Duct Systems
9. Economizers
10.Makeup and Exhaust 

Systems
11.Variable Air Volume 

Systems
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The Fundamental Principle Behind 
Centrifugal Machines
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A Resource

The “Materials from Classes and 
Presentations” page on my 
website

Available at www.Av8rDAS.com
• Pick the “Resources” drop 

down …
• … then “Materials from 

Classes and Presentations” 
…

• … then “Pacific Energy 
Center Classes”
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Skill 04 – The System Concept

Learning Objectives
• Recognize how important it is to think in terms of 

systems, not just components and sub-assemblies 
when dealing with HVAC processes and building 
systems.

• Recognize that the building envelope itself is a critical 
part of a facility’s HVAC systems.

• Know how to go about developing a system diagram 
for an air system and water system.

• Know how to use the system diagram to understand 
the system and facilitate diagonstics and 
communications with the project team.
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The System Concept

Fundamental to Understanding how Equipment and 
Machinery will be Integrated and Interact with Other 
Machines, Systems, Building Occupants, Building 
Processes, and the Climate
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Its Not Just an Air Handling Unit …  
…It’s an Air Handling System
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Its Not Just an Air Handling Unit …  
…It’s an Air Handling System
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The Physical Configuration Needs to Match 
Design Intent

The piping plan
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The Physical Configuration Needs to Match 
Design Intent

The piping isometric
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The Physical Configuration Needs to Match 
Design Intent

The piping system diagram

Which is the easiest to 
use to communicate or 
understand how a 
system works and 
perform diagnostics?
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Skill 05 – Data Logging and Trend Analysis
One of the Ways a Building Talks to Us

Learning Objectives
• Know how to launch a typical logger and retrieve data 

from it.
• Know how to identify the appropriate points to monitor 

for the purposes of diagnostics and troubleshooting.
• Know how to match sensor selections to the 

requirements of a project so that you develop 
meaningful data.

• Know how to interface the sensors you have selected 
with the logger you are using.

• Know how to install sensors in systems so they 
provide meaningful data reflecting the conditions you 
are actually trying to monitor.
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A Simple, Common Data Logging System
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Le Conte Hall

• UC Berkeley Physics 
Department Home

• 148,000 square feet
• Four floors plus basement
‒ Floors 1 and 2 - Classrooms 

and research
‒ Floors 3 and 4 - Offices, class 

rooms, informal meeting 
space

• Interconnected with other 
physics department buildings

• MBCx program participant 
since 2009

• MBCx Best Practices Award 
winner for the 2009 program 
cycle

It Takes a Team to Succeed
Left to Right

Anthony Vitan, Eleanor Crump, Julia Gee, Chuck 
Frost
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2004 – 2007 Renovation
– Seismic issues
– Deferred maintenance
– Reconfiguration
– Restoration
– MEP Update
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HVAC Equipment
40,000 cfm constant volume reheat, 100% outdoor air AHU for 1st and 2nd 
floor (basement location)

Exhaust fans 
associated 
with AHU 1
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HVAC Equipment
32,000 cfm constant volume reheat, economizer equipped  AHU for 3rd 
and 4th floor
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HVAC Equipment
Steam fired variable flow heating hot water system (basement location)
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HVAC Equipment
Air cooled constant volume chilled water system
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A Bit More Information on the Chilled Water System
• 2 – 50 ton compressors
• Compressors can unload to 25% of capacity
• Compressors equipped with hot gas bypass
• Relatively short piping circuit
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Five to six compressor cycles  per 
hour or more; a.k.a “short cycling”
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The Problem with 
Short Cycling
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Skill 06 – Functional Testing
A Way to Ask the Building a Question

Learning Objectives
• Know the basic elements of a functional test.
• Know how to develop a functional test that will deliver 

the data you need to resolve a problem or improve 
efficiency or operations.
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Special Equipment May Be Required
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How Do We Ask the Building a Question?

We perform a functional test
Functional test components

‒ Statement of purpose
‒ Instructions for using the 

test form
‒ Equipment requirements
‒ Acceptance criteria
‒ Precautions
‒ Documentation
‒ Procedure
‒ Return to Normal and 

Follow-up
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Skill 07 – Data Analysis
Listening to What the Building Said

Learning Objectives
• Know how to import logged data into Excel and other 

tools and create meaningful, legible, annotated charts 
and graphs to convey the results of analysis and 
diagnostic efforts.

• Know how to review data and pick up patterns from 
the data that reveal issues and solutions.

• Know how to use the internet and other resources to 
find case studies and examples similar to a problem 
you are studying and glean appropriate data analysis 
techniques from the work of others

• Know how to import graphs and tables generated in 
Excel into PowerPoint
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Trend data shows 
colder temperature 
than local indication 
during the “charge” 
cycle

Lab and building functions 
can handle an upper limit 
of 59°F for the flywheel

A 2 hour flywheel 
representing about 

13 ton-hours is 
possible

It will take one compressor 
about 10 minutes to 
recharge the flywheel
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The Bottom Line  
A Warm, Low 
Occupancy Day
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Solving an Operational Problem Opens the Door to 
Saving Energy
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Skill 08 – HVAC and Energy Calculations

Learning Objectives
• Become familiar with the fundamental equations 

associated with HVAC equipment power and energy 
use.

• Know how to used field measurements, design 
parameters, and estimates to evaluate the equations 
and predict power requirements.

• Know how to use spread sheet techniques like hour 
by hour calculations and bin calculations to 
extrapolate power calculations over time and predict 
energy consumption.
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Skill 08 – HVAC and Energy Calculations
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Skill 08 – HVAC and Energy Calculations
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Skill 08 – HVAC and Energy Calculations
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A Resource

The “Useful Formulas” page on 
my website

Available at www.Av8rDAS.com
• Pick the “Resources” drop 

down …
• … then “Useful Formulas” 

…
• … then the formula of 

interest
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LeConte Hall 
Post Implementation Energy Not What We Expected

Whole building 
meter data 
indicates that the 
compressors tend 
to run at full load 
any time they run

FUNCTIONAL TESTING IN EXISTING BUILDINGS 147
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Unnecessary Hot Gas = Unrealized Savings

Good News
Flywheel cycle captures 26,900 
kWh/$2,690 of savings via the 
MBCx project

‒ Testing performed as part of 
the general MBCx effort

‒ Programming modified “on 
the fly”

Additional savings potential 
justifies a factory service call

‒ Perform routine checks and 
maintenance

‒ Optimize set points
‒ Optimize controls

Bad News
11,404 kWh/$1,140 of savings 
“left on the table 
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Skill 09 – Return On Investment 
Calculations (ROI)

Learning Objectives
• Know how to consider and evaluate all of the benefits 

associated with an energy or resource conservation 
project and include those metrics in your sales pitch.

• Become familiar with your client's or organization's 
financial perspective and related assessment 
strategies.
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What’s the Right Answer?
It Depends

Item Throttling Impeller Trim Speed 
Reduction

New Pump

Savings, kW 1.44 9.44 15.12 18.46

Annual Savings, 
kWh

9,682 63,694 102,012 124,502

Annual Savings $1,162 $7,643 $12,241 $14,940

Implementation
Cost

$1,000 or less $5,000 or less $12,850 $39,557
minimum

Simple Payback, 
Years

.86 or less .65 or less 1.05 2.65 or more
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An Example

The Case Studies page on my 
website

Available at www.Av8rDAS.com
• Pick the “Resources” drop 

down …
• … then “Materials from 

Classes and Presentations” 
…

• … then “Case Studies”
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Unnecessary Hot Gas = Unrealized Savings

Good News
Flywheel cycle captures 26,900 
kWh/$2,690 of savings via the 
MBCx project

‒ Testing performed as part of 
the general MBCx effort

‒ Programming modified “on 
the fly”

Additional savings potential 
justifies a factory service call

‒ Perform routine checks and 
maintenance

‒ Optimize set points
‒ Optimize controls

Bad News
11,404 kWh/$1,140 of savings 
“left on the table 

Savings via Proper Hot Gas Adjustment - $1,140 per year
Service Call Clst - $4,250
Simple Payback - 3.73 years

Summary
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Skill 10– Control System Competency
Another Big One

Learning Objectives
• Understand and be able to explain, in general terms, 

how a proportional control system works as well as 
PID.

• Understand and be able to explain basic control 
system concepts like open vs. closed loops, and 
digital vs. analog signals.
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Skill 10– Control System Competency
Another Big One

Learning Objectives
• Understand and be able to explain common 

optimization strategies like the “two thirds rule” and 
reset strategies,

• Appreciate the impact that lags can have on your 
control processes and the implications in terms the 
quality of the equipment you procure.
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Skill 10– Control System Competency
Another Big One

Learning Objectives
• Understand why pneumatic controls require a different 

skill set and level of effort if they are to be maintained 
so they deliver repeatable, robust, reliable 
performance relative to a DDC system

• Understand why DDC systems from different vendors 
are seldom equivalent “out of the box”.

• Understand why the engineering associated with your 
control system design may be the most critical 
element of the over-all project design
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Skill 10– Control System Competency
Another Big One

Learning Objectives
• Be familiar with and be able to defend the value of a 

control design that includes a system diagram 
complemented with a point list, a logic diagram, a 
detailed narrative control sequence and very specific 
product requirements.

• Become familiar with your client's or organization's 
control system standards.
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Skill 10– Control System Competency
Another Big One

Learning Objectives
• Understand the critical role that the installing 

contractor plays in the over-all success of a control 
system.

• Recognize and have some familiarity with all of the 
factors that can come into play in determining the 
over-all performance of your control system; things 
like sensor accuracy, A to D conversion accuracy, 
network architecture, memory, graphics, and trending 
capabilities.
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Skill 10– Control System Competency
Another Big One

Learning Objectives
• Recognize and be able to explain why “open 

protocols” like BACNet, Lon, and Modbus to name a 
few are useful tools in terms of allowing different 
systems to share information but that they are not a 
panacea that will provide for a seamless, high-
performance integration of multiple vendors.

• Recognize that the physical points necessary to 
control a system and the physical points necessary to 
properly operate and maintain a system,
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Competency can have Big Benefits
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Competency can have Big Benefits
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Bottom Lines

1. Benchmarking and Utility Analysis techniques provide 
quick clues for:

• Identifying opportunities
• Focusing efforts
• Projecting outcomes
• Demonstrating results
• Ensuring persistence

2. Scoping skills help to firm up the picture based on the 
realities of the building

3. The skills that follow allow you to build from what you 
learn from the utility data and scoping to capture 
savings and improve performance
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Let’s Go Scope a Facility

165THE 10 SKILLS - A CLOSER LOOK


