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Presenter Biography
Hassan Younes has over 15 years of extensive experience in the fields of Energy
Efficiency, Design, Sustainability, and Project Execution and Management. Prior
to co-founding grfn, he was the Mechanical Manager at Meraas Holding, one of
the leading developers in the region and was involved in the design of multiple
large-scale developments.

He is a trainer for the ASHRAE Global Training Centre. He is an appointed
Consultant for ASHRAE 62.1 Standard. He is a Certified trainer for CEM
(Certified Energy Manager) course, Certified Measurement Verification
Professional (CMVP) course and the trainer for the Emirates Green Building
Council Building Retrofit Program. He is also the current ASHRAE Falcon
Chapter president and on the technical committee and was the Vice Chair of
CIBSE Regional Chapter. He holds all the ASHRAE certifications. He has been
involved in many high-end projects in the MENA region.
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Today’s Audience
 People responsible for facility 

management inside their organization

 Consulting engineers who provide energy 
management services to facilities

 Engineers who provide advice on energy 
management to facility managers and staff

 Vendors selling products to facilities

6
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Course Objectives
 Describe the ENERGY STAR® management cycle 
 Analyze basic billing and load profile information
 Interpret weather-adjusted energy data
 Distinguish the levels I, II and III of a commercial 

building energy audit
 Identify opportunities for energy savings in your 

buildings based on course suggestions
 Develop an action plan to get started, targeting:
 Preliminary energy analysis or
 A test of discretionary facility operation.
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Guides for Today’s Seminar
ENERGY STAR Guidelines 
for Energy Management 
Connections:
• ASHRAE Standard 100-2018, 

Energy Efficiency in Existing 
Buildings

• ASHRAE Standard 211-2018, 
Standard for Commercial 
Building Energy Audits

• 2015 ASHRAE Handbook—
HVAC Applications, Chapter 36

• Practical experience
• Opportunities in your buildings
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Today’s Topics
1. Introduction to energy management
2. Why commit to energy management?
3. Assessing performance and setting goals
4. Action plans: ideas and a test method
5. Evaluating results, including adjusting for 

weather
6. Energy management summary
7. What can you do, starting next week? 
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“Discomfort is Expensive”
Action Plans: Ideas and a Test Method
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For Example…
If typical office building includes one person for every 28 m2

And the annual utility cost is $21.5 per m2

Then each person is “responsible” for $600 per year

If dramatic energy conservation reduces energy usage by 50%, or 
$10.76 per m2

Then savings per person = $300 per year

If average worker salary is $50,000/yr

Then savings per person = $300/$50,000 = 0.6%

Therefore any level of discomfort that distracts a person 
will clearly cost more in lost productivity than the $300 savings 

in energy

Action Plans: Ideas and a Test Method
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Introduction to
Energy Management

Introduction to Energy Management
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Energy Management 101—Example
• Management 
commitment

• Manual daily meter 
reading

• Operational changes 
only

• 33% energy savings 
in 12 months

Introduction to Energy Management
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Energy Management 101
The Building

20-story office building:
• 200,000 ft2 (18,580 m2)

• Five years old, no energy 
conservation

• Complex, energy intensive HVAC 
systems

• High utility bills

• No building automation system

Introduction to Energy Management
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Energy Management 101
How It Worked

Introduction to Energy Management

Actions by facility manager:

• Reviewed operations ideas with building 
engineer and design engineer

• Reviewed daily meter data for impact, 
intuitively adjusting for weather

• Harassed/complimented building 
engineer daily on performance

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Introduction to Energy Management

Actions by building engineer:

• Aligned building schedules with 
occupancy times

• Raised cold deck temperature

• Lowered hot deck temperature

• Outdoor air was introduced only during 
occupied hours

• Reduced duct pressures

Energy Management 101
How It Worked

Savings in one year:  33%!
16

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Here’s a Word About 
Capital Projects

Energy management is the foundation for 
effective capital upgrades:
Measure performance
Monitor performance over time
Deploy operations changes along with new 

equipment to get greatest bang for buck

Introduction to Energy Management
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www.energystar.gov 

ENERGY STAR 
guidelines
describe a 

management cycle 
that helps you with 
execution—getting 

things done! 

The Management Content of Energy 
Management

Introduction to Energy Management
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Energy Manager Job Description

Chapter 36, 2015 ASHRAE Handbook—
HVAC Applications

• Functions
– Technical
– Policy related
– Planning and purchasing

• Qualifications
– General
– Educational/professional

Introduction to Energy Management
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Job Description—Purchasing

• Lower-cost energy

• Other non-building utilities
– Vehicle fuel
– Water

Introduction to Energy Management
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 Headquarters in Fond du Lac, Wisconsin 
 Manufacturing and sales organization
 Multiple facilities across the U.S.
 Multimillion dollar utility bill
 Jerry Eaton—energy manager 
 >$1 million annual savings (>5% of bills)

Jerry Eaton’s 
Story

Introduction to Energy Management

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



22

Jerry Eaton’s Discoveries

 Utility cost was an 
overhead item—not a 
manageable expense

 Stickers on light 
switches—no impact 
on expense or 
consumption

Introduction to Energy Management
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Jerry Eaton’s Parallel 
Activities

Developed a corporate-wide 
chain of accountability:
 Began with buildings (each with 

a meter)
 Then departments within 

buildings (each with a meter)
 Appointed a person in each 

location to be responsible for 
proven results

Introduction to Energy Management
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Developed an accountability 
process to review results 
regularly

Typical monthly agenda:
1. A look back

- Submeter data review, check impact of 
last month’s action ideas

2. A look forward
- Brainstorm ideas to decrease energy
- Commit to try ideas (who, when) 

Picture of meeting

Jerry Eaton’s Parallel 
Activities

Introduction to Energy Management
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Installed
Submeters

and 
Procedures

Established 
Reviews

Found 
Waste

Reduced 
WasteEstablished 

Budget
Accountability

Established 
Building 
Energy 
Teams

Jerry Eaton’s Parallel 
Activities: Summary

Introduction to Energy Management
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Jerry Eaton’s 
Success Story

 The cost of energy became real for each 
unit
 Energy teams, by building or department
 The “buck” stopped at one person in each 

department 
Annual savings: over $1 million (>5%)

Introduction to Energy Management
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Meters and Submeters

 Meters by themselves do not save anything

 No direct payback on the purchase of a 
meter

 That is not the basis for their justification as 
an energy conservation investment

 Question: How can you manage it if you 
can’t measure it?

Introduction to Energy Management
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Measurement Technology

 Measurement technology is continuously 
improving and becoming more affordable

 More than one way to develop 
measurements that are useful in an energy 
management program

 Creative thinking and competitive bidding 
can produce surprising results

Introduction to Energy Management
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Was Jerry Eaton Really an 
Energy Manager? 

 Authority to manage energy?
 Responsibility?

 Accountability?

Introduction to Energy Management
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ENERGY STAR Guidelines for 
Energy Management

www.energystar.gov 

Introduction to Energy Management

!
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Exercise 1: Energy Management 
Assessment

Introduction to Energy Management

Page 3 
in the 
exercises
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Why Commit to
Energy Management?

Why Commit to Energy Management?
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ENERGY STAR Guidelines for 
Energy Management

www.energystar.gov

Why Commit to Energy Management?
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ENERGY STAR Guidelines for 
Energy Management

https://www.energystar.gov/sites/default/files/buildings/tools/Guidelines
%20for%20Energy%20Management%206_2013.pdf.  

Why Commit to Energy Management?
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Dollar Savings and Margin
$ 1,000,000     Revenue 
$    950,000     Expenses
$      50,000     Margin       (5% of revenue)

A cost savings of $1000 @ 5% margin
Equivalent to $20,000 in increased revenue

Why Commit to Energy Management?
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Financial Value Tools from ENERGY STAR

 Building Upgrade Value 
Calculator—Commercial 
Real Estate

 Financial Value Calculator—
Corporate Real Estate

 Cash Flow Opportunity 
Calculator

Why Commit to Energy Management?
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Where Do We Use Energy?
Why Commit to Energy Management?

Source: U.S. EIA. 37
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Renewable Energy Sources

Source: U.S. EIA.

.
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Total Energy Consumption – UAE

Why Commit to Energy Management?

Source: REmap 2030, published April 2015.
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/IRENA_REmap_UAE_report_2015.pdf.
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Total Energy Consumption – UAE

.

Source: IEA Electricity Information 2018.
https://webstore.iea.org/statistics/.
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Energy Generation by Fuel – UAE

.

Source: IEA Electricity Information 2018.
https://webstore.iea.org/statistics/.
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RE Generation by Source – UAE

Source: IEA Electricity Information 2018.
https://webstore.iea.org/statistics/.

.
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Dubai Electricity Consumption, 2017
Why Commit to Energy Management?

Source: DEWA annual statistics 2017.
https://www.dewa.gov.ae/~/media/Annual statistics 2017 with new cover Eng.ashx.

* Others include:
Non-commercial 
buildings such as 
mosques, police stations, 
government hospitals, 
government schools, 
DEWA offices, etc.

Values read in GWh
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UAE Reference Case, 2010-2030
Why Commit to Energy Management?

Source: REmap 2030, published April 2015.
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/IRENA_REmap_UAE_report_2015.pdf. 

Peta Joules (PJ) = 1015Joules = 278 gigawatt hours
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Total Energy Consumption – KSA

.

Source: IEA Electricity Information 2018.
https://webstore.iea.org/statistics/.
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Energy Generation by Fuel – KSA

.

Source: IEA Electricity Information 2018.
https://webstore.iea.org/statistics/.
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RE Generation by Source – KSA

Source: IEA Electricity Information 2018.
https://webstore.iea.org/statistics/.

.
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Residential Energy Consumption – KSA

Source: IEA Electricity Information 2018
https://webstore.iea.org/statistics/

.

KSA’s residential air conditioning sector consumes up to 60% of power 
demand in summer

1. KSA Final Buildings Energy Consumption, 2011
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• KSA’s residential cooling sector is one 
of the leading electric energy consumers 
in the nation and can be responsible for 
up to 60% of the power demand in the 
summer season.

• Cooling energy consumption is 
responsible for 72% and 57% of the 
total residential and commercial 
energy use in KSA, respectively.

• Energy management in KSA should 
focus on air conditioning and air-
conditioning controls.

Key Takeaways
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Energy Management Potential
Why Commit to Energy Management?

• Buildings consume almost 40% of U.S. energy
• Residential (21.0%) + Commercial (18.7%) = 39.7% (U.S.)

• Buildings consume almost 77 % of Dubai’s 
Electricity

• Air conditioning consume almost 60% of total 
electrical buildings’ consumption in the GCC

• 33% reduction of building energy is possible
• Great savings potential on global energy use by 

reducing buildings’ energy consumption
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International Goals – COP21/ 23
Why Commit to Energy Management?

• Agreement to limit temperature rise to 2°C with 
target of 1.5°C

• INDC’s issued by each country forming strategy for 
climate change mitigation and adaptation

INDCs: http://unfccc.int/focus/indc_portal/items/8766.php
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Government Strategies
Why Commit to Energy Management?

• UAE Clean Energy Strategy 
• To diversify the energy mix by 2050: 44% clean energy, 

38% gas, 12% clean coal, and 6% nuclear.
• Dubai Integrated Energy Strategy

• 30% reduction of the water and energy use by 2030
• Retrofit Strategies 

• Tarsheed Program in Saudi Arabia 
• Dubai Etihad ESCO to retrofit government buildings 
• Abu Dhabi Tarsheed Program for government buildings
• Barjeel program in Ras Al Khaimah for government 

buildings
51
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Retrofit Potential – Financial
Why Commit to Energy Management?

• Energy Efficiency 
Investment
• $385 billion/year
• $5.8 trillion by 2030

• Intergovernmental panel for 
Climate Change (2014)
• Energy efficiency 

investments and behavioral 
changes most cost-effective 
strategy to reduce carbon 
emissions

• UNEP Finance Investor 
Briefing (2014)
• Investment in retrofits bring 

“better than expected” returns
• Most effective means to 

reduce GHG emission while 
increasing asset value 

• UAE
• 30%  energy reduction target 

in Dubai and Abu Dhabi

Source: Emirates Green Building Council.
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Retrofit Technical Potential
Why Commit to Energy Management?

Source: RMI Retrofit Guide; Emirates Green Building Council.
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Renewables as an
Environmental Solution?

Why Commit to Energy Management?

Source: U.S. EIA.

. .
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Energy Management is the Quickest, Cheapest, 
Cleanest Way to Extend World Energy Supplies

Why Commit to Energy Management?

Energy management can provide nearly two times 
the environmental impact of renewable energy!

©2020 ASHRAE Inc.                    55
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Where Can You Get the 33%?

•Some from smarter use of what you have right now

•Some from capital upgrades

Why Commit to Energy Management?
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Greener Pastures with Energy Savings
Emissions Reduction at Madison College

Why Commit to Energy Management?

Energy Usage FY 01/02
111,484 m²

Usage FY16/17
176,515 m²

Annual 
Reduction!

Electricity 23,000,000 kWh 16,000,000 kWh 7,000,000 kWh

Natural Gas 94,950 GJ 42,200 GJ 52,750 GJ

Emissions
Emissions 
FY 01/02

Emissions 
FY 16/17

Annual 
Reduction!

CO2 25,000 tons 15,000 tons 10,000 tons

The above energy savings were achieved with an 
additional 65,030 m² conditioned space!

Source:  Madison College Engineering Manager. Wesley Marquardt. 
wmarquardt@madisoncollege.edu.
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Greener Pastures with Energy Savings
Energy Cost Avoidance at Madison College
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New Buildings Are a Target Too!

New buildings are often inefficient at start-up 
(even LEED-certified buildings). 

New building performance significantly 
deteriorates in the first three years of 
operation, by as much as 30% (even those 
designed as energy-efficient green 
buildings).

Why Commit to Energy Management?
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Why Commit to Energy Management?

General Services Administration 
Energy Management Program

U.S. Courthouse
Jacksonville, Florida
• Constructed in early 2000s
• Disappointing energy use

DOE-ORNL Report
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We’ll come back to this example 
after we’ve defined a few terms…

Why Commit to Energy Management?

2000s New Building Performance
Far less efficient than design intent

EUI (kWh/m²/year) 255 164

ft² (m²) (45,710) (45,710)
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Assessing Performance 

Assessing  Performance and Setting Goals
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ENERGY STAR Guidelines for 
Energy Management

www.energystar.gov 

Assessing  Performance and Setting Goals
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ENERGY STAR Advice:
Assess Performance

Assessing performance is the periodic
process of evaluating energy use and 
establishing a baseline.  
 Data collection and management
 Baselining and benchmarking
 Analysis and evaluation

Assessing  Performance and Setting Goals
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What About Energy Audits?
 ENERGY STAR: audits in the analysis and

 We recommend other work FIRST!

 Stay tuned: audits defined and discussed 
later…

Assessing  Performance and Setting Goals
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ANSI/ASHRAE/IESNA Standard 100-2018
Energy Efficiency in Existing Buildings
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 Excerpts from Table of Contents:

 Compliance

 Energy Management Plan

 O&M Requirements

 Energy Audit Requirements

 Implementation and Verification

 Energy Efficiency Measures

 Payback and Life-Cycle Cost Analysis

 Building Energy Modeling

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Assessing  Performance and Setting Goals

ASHRAE Standard 100-2018, 
Energy Efficiency in Existing Buildings
 Energy Targets

Excerpts from Table 7-2a

 Target values derived from CBECS 2003 and represent 
the 25th lowest percentile of energy use by each building 
category.

68
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Assessing  Performance and Setting Goals

ASHRAE Standard 100-2018, 
Energy Efficiency in Existing Buildings
 Energy Targets

Excerpts from Table 7-2

 Target values derived from CBECS 2003 and represent 
the 25th lowest percentile of energy use by each building 
category.
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Source: Griffin Consultants.
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Summary of EUIs – UAE
(DM public building typologies)
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Summary of EUIs – UAE
(DM commercial building typologies)
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ASHRAE Standard 100-2018, 
Energy Efficiency in Existing Buildings

 Operating Shifts
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Assess Performance: 
Year, Month, and Daily Data

• Annual usage
– Energy cost index (ECI)
– Energy utilization index (EUI)

• Annual profile of monthly data

• Daily profile of 15-minute data

Assessing  Performance and Setting Goals
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Indices
ECI: Energy Cost Index = $/m²/yr

EUI: Energy Utilization Index = kWh/m²/yr
(Annual kWh) =_____kWh

+ (Annual Therms × 29.3) =_____kWh
Total Annual Energy =_____kWh

EUI = Total Annual Energy  ÷ m² = kWh/m²/yr

Example:  Lowell Hall @ UW
(1,209,319 kWh) = 1,209,319 kWh

+ (83,642 Therms × 29.3) = 2,451,175 kWh
Total Annual Energy = 3,660,494 kWh

EUI = 3,660,494 kWh ÷ 10,925 m² = 335 kWh/m²/yr

Assessing  Performance and Setting Goals
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Indices
ECI: Energy Cost Index = $/SF/yr

EUI: Energy Utilization Index = kBtu/SF/yr
(Annual kWh × 3.413) =_____kBtu

+ (Annual Therms × 100) =_____kBtu
Total Annual Energy =_____kBtu

EUI = Total Annual Energy  ÷ SF = kBtu/SF/yr

Example:  Lowell Hall @ UW
(1,209,319 kWh × 3.413) = 4,127,000 kBtu

+ (83,642 Therms × 100) = 8,364,200 kBtu (2,451,305 kWh)
Total Annual Energy = 12,491,200 kBtu (3,660,810 kWh)

EUI = 12,491,200 kBtu ÷ 117,600 SF = 106.2 kBtu/SF/yr (334.9 kWh/m²/yr)

Assessing  Performance and Setting Goals
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Energy Intensity of Office Buildings 
and ENERGY STAR Score

1001 25 50 75Energy  Performance  Rating

Energy UseHighest Lowest

Assessing  Performance and Setting Goals

29.9339.4 165.1 121.1 86.0EUI for Office Buildings (kBtu/ft².year)

 Normalized EUI varies widely 

 Age and equipment not significant 
drivers of EUI

 The ENERGY STAR rating system 
overlays a 1 to 100 scale over 
national data, giving relative 
meaning to energy use
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Energy Intensity of Office Buildings 
and ENERGY STAR Score

1001 25 50 75Energy  Performance  Rating

Energy UseHighest Lowest
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94.31,070 520.6 381.9 271.2EUI for Office Buildings (kWh/m².year)

 Normalized EUI varies widely 

 Age and equipment not significant 
drivers of EUI

 The ENERGY STAR rating system 
overlays a 1 to 100 scale over 
national data, giving relative 
meaning to energy use
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Exercise 2:  
EUI and ECI Questions

Assessing  Performance and Setting Goals

Page 6 
in the 
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BREAK!
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Benchmarking Using 
ENERGY STAR’s

Portfolio Manager

www.energystar.gov/benchmark 

https://www.energystar.gov/buildings/
training/slide_library

Assessing  Performance and Setting Goals
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Worship 
Facilities

Medical Offices

Office Buildings

Hospitals

Non-refrigerated 
Warehouses

Distribution 
Center

Supermarkets

Courthouses

K-12 SchoolsHotels

Wastewater 
Treatment Plants

Retail Stores

ENERGY STAR Score Eligible Building Types

Data CentersBarracksBank Branches

Financial Offices

Multifamily 
Housing

Refrigerated
Warehouses

Residence Hall

Wholesale Club/ 
Supercenter

Senior Care 
Community
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Obtaining an 
Energy Performance Rating

• ENERGY STAR Portfolio Manager—
Existing Commercial Buildings

• ENERGY STAR Target Finder—
Commercial New Construction 
Projects
www.energystar.gov/targetfinder.

www.energystar.gov/benchmark.

Assessing  Performance and Setting Goals
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Why Benchmark?
ENERGY STAR Says:

• Heighten awareness of energy use
• Assess effectiveness of current 

operations, policies, practices
• Set priorities for upgrade efforts and 

retrofits
• Track, verify, and recognize 

achievements
• Document role in environmental 

stewardship and demonstrate 
success

Assessing  Performance and Setting Goals
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Benchmarking with
Portfolio Manager

• Compare buildings against similar buildings nationwide 
and against other buildings in your portfolio

• Receive an ENERGY STAR score normalized for weather

• Identify opportunities and set priorities for upgrade 
investments

• Track and manage:
 Energy consumption and costs over time
 Direct, indirect, and total greenhouse gas emissions

• Gain recognition from EPA for success!

Assessing  Performance and Setting Goals
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Getting Started with
ENERGY STAR Benchmarking 

www.energystar.gov/benchmark
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Track 
Facility 
Energy 

Performance

Assessing  Performance and Setting Goals
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Greenhouse 
Gas

Emissions

Assessing  Performance and Setting Goals
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Portfolio Manager Metrics Comparison
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Statement of Energy Performance
Assessing  Performance and Setting Goals

2013 2018
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Changes to Waukesha Memorial Hospital 
Since 2013

• Upgraded controls on AHUs
• Reset duct pressure setpoint 
• Reset supply air temperature
• Economizer at 62°F (16.6°C) 
• Optimal start 

• Replace AHUs
• New fans with VFDs 
• Hot water instead of steam heat
• Chilled water instead of DX cooling

• New chiller plant  
• Magnetic bearing centrifugal chillers
• Cooling towers with VFDs and indoor sump

• Replace constant-volume reheat with VAV with reheat
96
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Track Portfolio Energy Performance
Assessing  Performance and Setting Goals
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How Do I Enter a Facility that is 
Not Located in the United States?
“You may create a facility that is not located in the 
United States in the same way that you create 
other facilities: select ‘Add Facility’ from the My 
Portfolio page in Portfolio Manager and enter the 
required information. After you select the Country, 
you will be asked to select the city outside of the 
United States that is closest to your facility from a 
dropdown list.”

—ENERGY STAR Website
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Can a Building Located Outside 
of the United States Earn 

the ENERGY STAR?
“The only buildings located outside of the 
U.S. that are eligible to earn the ENERGY 
STAR are those that are owned and 
occupied by the U.S. Government and that 
have met U.S. construction codes.”

- ENERGY STAR Website
99
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All Buildings Can Benchmark, 
but Some Cannot Receive a Rating
 Benchmark your facility against itself
 Look at trends in historical data

 Compare to other buildings in your portfolio
 Prioritize upgrade opportunities
 Create an internal benchmark
 “Create a Group” to compare select buildings

 Compare to national average energy use 
intensity (EUI) or ASHRAE Standard 100-2018 
for your building type
 Set performance targets

Assessing  Performance and Setting Goals
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Ways to Obtain the Rating or EUI

• Single Building Manual Entry
– Enter building and energy consumption information 

into Portfolio Manager

• Excel Data Upload
– Upload building data in Portfolio Manager using an 

Excel template

• Automated Benchmarking Services
– Use an ENERGY STAR service and product provider 

to have the rating automatically integrated into your 
energy information and bill handling system for all 
buildings

Assessing  Performance and Setting Goals
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Information Required for Rating
All 

Space Types

• Address
• Year Built
• At least 12 

months energy 
data

K-12 
School

• SM*
• # Walk-in 

refrigerator/ 
freezer units

• # PCs
• Open weekends: 

Y/N
• Cooking: Y/N 
• High school: Y/N
• % heated
• % AC

Office

• SM*
• # Workers
• Op. hrs. 
• # PCs
• % heated
• %  AC

Hospitals

• SM*
• Licensed and 

staffed bed 
capacity

• # workers
• # MRI machines
• Laundry
• Tertiary care
• Laboratory
• # floors
• % heated
• % AC

Examples

102
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*Gross square metre—deduct “upper floors” of atria
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Data Collection Worksheet
Assessing  Performance and Setting Goals

Data collection worksheets available for download at: 
https://portfoliomanager.energystar.gov/pm/dataCollectionWorksheet.
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ENERGY STAR Rating as a 
Quick Guide

 If your building has a low score (less than 25), 
there are likely to be many opportunities.

 If your building has a high score (more than 75): 
 Confirm that you can monitor to keep it there
 Go look for another building to improve

Assessing  Performance and Setting Goals
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ENERGY STAR Target Finder
http://www.energystar.gov/targetfinder

Use in design 
phase to 

• Set energy 
targets

• Evaluate 
energy use of 
building models 
to compare 
design options
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ENERGY STAR Target Finder (cont.)
http://www.energystar.gov/targetfinder
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Track Water Use Too
Assessing  Performance and Setting Goals
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ENERGY STAR “75+” Recognition
- Listed on the 

website
- Wall plaque
- Citation from 

EPA

Assessing  Performance and Setting Goals
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For more information on
ENERGY STAR Benchmarking 

visit:

https://www.energystar.gov/
buildings/training/slide_library
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Exercise 3:  
Portfolio Manager Facility Report

Assessing  Performance and Setting Goals
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Site Versus Source Energy

222 = 66 × 3.340

Assessing  Performance and Setting Goals
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Practical Implications
 Don’t mix site and source energy values in 

your analysis

 Not all source energy calculations use the 
EPA method

 Site energy drives basic $ costs

 Source energy drives environmental costs

Assessing  Performance and Setting Goals
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Reference Schematic of 
EPA Tools on ENERGY STAR Site

3. Understand 
financial value

1. Commit to 
energy efficiency 

6. Communicate 
results

2. Identify
qualified projects

5. Demonstrate 
results

4. Implement quality 
projects and evaluate

EPA Tools Support the Energy Management Process
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Reference Schematic of EPA 
Tools on ENERGY STAR Site

3. Understand 
financial value

Financial 
Tools

1. Commit to 
energy efficiency 

ENERGY STAR
Partnership  

6. Communicate 
results

Recognition, 
Results, Label

2. Identify
qualified projects

Energy 
Performance 
Rating Tools

5. Demonstrate 
results Energy 

Performance 
Rating Tools

4. Implement quality 
projects and evaluate

Technical 
Resources  

EPA Tools Support the Energy Management Process
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Assess Performance 

• Annual usage
– Energy cost index (ECI)
– Energy utilization index (EUI)

• Annual profile of monthly data

• Daily profile of 15-minute data
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Madison Worship House
Annual Profile of Monthly Data
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Madison Worship House
Annual Profile of Monthly Data
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Madison Worship House
Annual Profile of Monthly Data
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Exercises 4A and 4B: 
Monthly Electric and Gas Profiles
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Assess Performance 

• Annual usage
– Energy cost index (ECI)
– Energy utilization index (EUI)

• Annual profile of monthly data

• Daily profile of 15-minute data
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Honolulu Office Building: Using 
15-Minute Data to Identify Opportunities
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Daily Profile of 15-Minute Data
Assessing  Performance and Setting Goals

All AHUs + 1 chiller

2nd chiller

Chillers unloading

People + lights

Fully occupied

People leaving

Timer off

Building empty

Aug. 6
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Simplified Profile
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Monday Versus Holiday
Assessing  Performance and Setting Goals
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Sep. 3
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New Software to Evaluate Interval Data
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New Software to Evaluate Interval Data
Assessing  Performance and Setting Goals

• ECAM for Excel from California 
Commissioning Collaborative

https://www.cacx.org/PIER/ecam/
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Meters and Submeters

 Meters by themselves do not save anything

 No direct payback on the purchase of a meter

 But… how can you manage it if you can’t 
measure it?

Assessing  Performance and Setting Goals
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Measurement Technology

 Costs decline, features improve

 More options than ever

 Creative thinking and competitive 
bidding can get you useful metering

Assessing  Performance and Setting Goals
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Site SF Zone Type ECI EUI Current $
601-Tysons Corner 39,463 4 Homestore $3.01 193 $118,823
510-Mission Viejo 12,895 4 Housewares $6.10 177 $78,685
503-Fashion Valley 14,510 4 Housewares $6.66 177 $96,579
412-Roseville 34,372 4 Homestore $4.13 176 $142,059
851-Lenox 36,919 4 Homestore $3.21 175 $118,325
855-Alpharetta 29,282 4 Homestore $2.52 156 $73,674 EMS
511-South Coast II 36,417 4 Homestore $6.02 154 $219,158
402-Corte Madera 11,632 4 Housewares $6.29 142 $73,119
404 a - Santana Row 38,017 4 Homestore $5.96 140 $226,467 EMS
507-University Town Centre 12,678 4 Housewares $5.33 137 $67,561
406-Walnut Creek 37,552 4 Homestore $6.16 129 $231,358
505-Pasadena 38,566 4 Homestore $4.26 128 $164,175
506-Topanga Plaza 14,262 4 Housewares $3.11 121 $44,383
860-Crabtree Valley 13,305 4 Housewares $1.86 115 $24,761
411-Union Square Furniture 43,167 4 Homestore $4.91 114 $211,820
502-Century City(Closed) 14,200 4 Housewares $2.10 79 $29,763
407-Hillsdale 15,238 4 Housewares $3.24 71 $49,341
403-Palo Alto 38,920 4 Homestore $0.86 40 $33,588
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Zone 5

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings		W/s.f.		Peak		$/kWh

		802-Palm Beach		12,810		5		Housewares		$4.90		231		$62,782		$42,893		$19,889		12.3		160		0.08

		801-Boca Town Center		13,317		5		Housewares		$4.88		220		$64,987		$46,702		$18,285		15.4		200		0.09

		307-Galleria North Shopping Center		32,448		5		Homestore		$3.45		202		$111,816		$87,479		$24,337		11.8		376		0.06

		553-Keirland Commons		34,701		5		Homestore		$3.71		189		$128,880		$107,642		$21,237		12.7		444		0.08

		803-The Falls		13,639		5		Housewares		$4.07		187		$55,538		$46,891		$8,647		12.6		177		0.09

		303 A-Highland Village		32,683		5		Homestore		$3.09		170		$100,990				$92,395		14.0		463		0.07

		305-Knox Street		35,087		5		Homestore		$3.01		164		$105,542						13.7		480		0.07

		804-Aventura Mall		12,853		5		Housewares		$3.43		158		$44,099		Target				10.2		132		0.09

		309-Southlake		15,559		5		Housewares		$3.48		137		$54,130						10.8		173		0.1

		805-Mall at Milennia		14,395		5		Housewares		$2.97		106		$42,739						5.4		76		0.07

														$771,501

		158 = Target EUI

		New $ = (158 ÷ EUI) x Current $

		Home Store Average EUI = 181

		Housewares Average EUI = 173





Zone 4

		Site		SF		Zone		Type		ECI		EUI		Current $

		601-Tysons Corner		39,463		4		Homestore		$3.01		193		$118,823														W/s.f.		Peak		$/kWh

		510-Mission Viejo		12,895		4		Housewares		$6.10		177		$78,685														11.6		453		0.06

		503-Fashion Valley		14,510		4		Housewares		$6.66		177		$96,579														10.8		140.4		0.12

		412-Roseville		34,372		4		Homestore		$4.13		176		$142,059														11.2		168		0.14

		851-Lenox		36,919		4		Homestore		$3.21		175		$118,325														12.1		410		0.08

		855-Alpharetta		29,282		4		Homestore		$2.52		156		$73,674		EMS												11.6		428.8		0.06

		511-South Coast II		36,417		4		Homestore		$6.02		154		$219,158														9.4		272.8		0.06

		402-Corte Madera		11,632		4		Housewares		$6.29		142		$73,119														11.0		395		0.15

		404 a - Santana Row		38,017		4		Homestore		$5.96		140		$226,467		EMS												10.3		124		0.18

		507-University Town Centre		12,678		4		Housewares		$5.33		137		$67,561														9.3		354		0.19

		406-Walnut Creek		37,552		4		Homestore		$6.16		129		$231,358														9.8		128		0.14

		505-Pasadena		38,566		4		Homestore		$4.26		128		$164,175														0.0		0		0.25

		506-Topanga Plaza		14,262		4		Housewares		$3.11		121		$44,383														0.0		0		0.12

		860-Crabtree Valley		13,305		4		Housewares		$1.86		115		$24,761														6.5		91.2		0.1

		411-Union Square Furniture		43,167		4		Homestore		$4.91		114		$211,820														6.1		79		0.06

		502-Century City(Closed)		14,200		4		Housewares		$2.10		79		$29,763														0.0		0		0.19

		407-Hillsdale		15,238		4		Housewares		$3.24		71		$49,341														11.0		153.6		0.11

		403-Palo Alto		38,920		4		Homestore		$0.86		40		$33,588														5.5		83.2		0.18

														$2,003,639														2.2		85.6		0.08

		Homestore Average EUI = 141

		Housewares Average EUI = 127





Zone 3

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings

		603-Montgomery Mall		14,800		3		Housewares		$3.00		176		$44,430		$32,892		$11,538										W/s.f.		Peak		$/kWh

		605-Spring Valley		39,808		3		Homestore		$3.08		156		$122,648		$102,033		$20,615										9.9		148.8		0.08

		621-Madison Avenue		54,000		3		Homestore		$6.84		156		$369,090		$307,474		$61,616										11.2		446.1		0.1

		609-Clarendon		36,851		3		Homestore		$2.37		154		$87,226		$73,523		$13,703										10.3		556.8		0.17

		631-King of Prussia		37,139		3		Homestore		$4.66		153		$173,105		$146,921		$26,184										7.9		291		0.06

		450-Bellevue		35,043		3		Homestore		$2.78		141		$97,420		$89,972		$7,448										10.5		388		0.11

		633-Cable Building		41,357		3		Homestore		$5.77		130		$238,713				$141,103										8.8		307.2		0.07

		612-Short Pump		32,616		3		Homestore		$1.33		101		$43,314		DDC												8.0		328		0.17

		452-University Village		35,050		3		Homestore		$1.60		98		$55,975		DDC

		604-Towson Town Center		11,225		3		Housewares		$2.08		94		$23,393														7.5		264		0.06

														$1,255,313														6.0		66		0.1

		Homestore Average EUI = 136

		Housewares Average EUI = 135





Zone 2

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings										W/s.f.		Peak		$/kWh

		627-Manhasset		36,759		2		Homestore		$5.93		179		$217,981		$144,624		$73,357										12.5		461		0.16

		212-Burlington Mall		13,527		2		Housewares		$5.99		166		$81,013		$57,986		$23,027										10.0		139.6		0.17

		115-North and Claybourn		46,220		2		Homestore		$3.42		161		$157,841		$116,519		$41,322										13.0		597		0.09

		106 A-Northbrook Home Store		33,671		2		Homestore		$3.09		160		$103,909		$77,501		$26,408		DDC								11.7		398.4		0.08

		216-Boylston Street		34,874		2		Homestore		$5.40		159		$188,320		$141,265		$47,054										10.4		364		0.14

		205-Chestnut Hill		14,903		2		Housewares		$5.43		156		$80,908		$61,574		$19,335										10.6		159		0.16

		102-Plaza		21,525		2		Homestore		$2.94		151		$63,284		$49,849		$13,434										12.2		269.4		0.07

		206-Brattle St.		13,088		2		Housewares		$4.25		149		$55,598		$44,268		$11,329										12.8		166		0.11

		105-Michigan Avenue		43,288		2		Homestore		$2.97		149		$128,522		$102,780		$25,742										10.5		453.5		0.08

		214-South Shore		14,385		2		Housewares		$4.26		134		$61,223				$281,010										9.5		133.5		0.11

		103-Oakbrook		34,058		2		Homestore		$2.50		126		$85,213		DDC												8.8		300		0.07

		211-Natick Mall		11,612		2		Housewares		$4.31		119		$50,036														6.0		72		0.16

		215-Providence Place		11,762		2		Housewares		$3.73		107		$43,872														5.8		70		0.43

		108-Old Orchard		16,680		2		Housewares		$1.92		105		$32,042														5.8		98		0.07

		623-Westchester/White Plains		32,102		2		Homestore		$4.59		105		$147,348														4.8		153.6		0.18

		751-Somerset		32,182		2		Homestore		$2.40		87		$77,333														0.0		0		0.1

														$1,574,443

		Average Homestore EUI = 142

		Average Housewares EUI = 128





Zone 1

		Site		SF		Zone		Type		ECI		EUI		$

		702-Southdale		14,150		1		Housewares		$2.14		131		$30,338

		721-Park Meadows		34,888		1		Homestore		$2.22		120		$77,347

		701-Nicollet Mall		17,000		1		Housewares		$1.19		64		$20,179

		723-Flatiron		33,387		1		Homestore		$0.19		27		$6,310





Totals

		Total Current $		New Current $		Savings		%

		$5,739,070		$4,010,112		$1,728,958		30%

														Zone		Homestore Ave.		Housewares Ave.		% Diff

														1		74		148		50%

														2		142		128		11%

														3		136		135		1%

														4		141		127		11%

														5		181		173		5%
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Site SF Zone Type ECI EUI Current $
601-Tysons Corner 39,463 4 Homestore $3.01 193 $118,823
510-Mission Viejo 12,895 4 Housewares $6.10 177 $78,685
503-Fashion Valley 14,510 4 Housewares $6.66 177 $96,579
412-Roseville 34,372 4 Homestore $4.13 176 $142,059
851-Lenox 36,919 4 Homestore $3.21 175 $118,325
855-Alpharetta 29,282 4 Homestore $2.52 156 $73,674 EMS
511-South Coast II 36,417 4 Homestore $6.02 154 $219,158
402-Corte Madera 11,632 4 Housewares $6.29 142 $73,119
404 a - Santana Row 38,017 4 Homestore $5.96 140 $226,467 EMS
507-University Town Centre 12,678 4 Housewares $5.33 137 $67,561
406-Walnut Creek 37552 4 Homestore 6.161 129 231357.872
505-Pasadena 38566 4 Homestore 4.257 128 164175.462
506-Topanga Plaza 14262 4 Housewares 3.112 121 44383.344
860-Crabtree Valley 13,305 4 Housewares $1.86 115 $24,761 Target
411-Union Square Furniture 43,167 4 Homestore $4.91 114 $211,820
502-Century City(Closed) 14,200 4 Housewares $2.10 79 $29,763
407-Hillsdale 15,238 4 Housewares $3.24 71 $49,341
403-Palo Alto 38,920 4 Homestore $0.86 40 $33,588
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Zone 5

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings		W/s.f.		Peak		$/kWh

		802-Palm Beach		12,810		5		Housewares		$4.90		231		$62,782		$42,893		$19,889		12.3		160		0.08

		801-Boca Town Center		13,317		5		Housewares		$4.88		220		$64,987		$46,702		$18,285		15.4		200		0.09

		307-Galleria North Shopping Center		32,448		5		Homestore		$3.45		202		$111,816		$87,479		$24,337		11.8		376		0.06

		553-Keirland Commons		34,701		5		Homestore		$3.71		189		$128,880		$107,642		$21,237		12.7		444		0.08

		803-The Falls		13,639		5		Housewares		$4.07		187		$55,538		$46,891		$8,647		12.6		177		0.09

		303 A-Highland Village		32,683		5		Homestore		$3.09		170		$100,990				$92,395		14.0		463		0.07

		305-Knox Street		35,087		5		Homestore		$3.01		164		$105,542						13.7		480		0.07

		804-Aventura Mall		12,853		5		Housewares		$3.43		158		$44,099		Target				10.2		132		0.09

		309-Southlake		15,559		5		Housewares		$3.48		137		$54,130						10.8		173		0.1

		805-Mall at Milennia		14,395		5		Housewares		$2.97		106		$42,739						5.4		76		0.07

														$771,501

		158 = Target EUI

		New $ = (158 ÷ EUI) x Current $

		Home Store Average EUI = 181

		Housewares Average EUI = 173





Zone 4

		Site		SF		Zone		Type		ECI		EUI		Current $

		601-Tysons Corner		39,463		4		Homestore		$3.01		193		$118,823														W/s.f.		Peak		$/kWh

		510-Mission Viejo		12,895		4		Housewares		$6.10		177		$78,685														11.6		453		0.06

		503-Fashion Valley		14,510		4		Housewares		$6.66		177		$96,579														10.8		140.4		0.12

		412-Roseville		34,372		4		Homestore		$4.13		176		$142,059														11.2		168		0.14

		851-Lenox		36,919		4		Homestore		$3.21		175		$118,325														12.1		410		0.08

		855-Alpharetta		29,282		4		Homestore		$2.52		156		$73,674		EMS												11.6		428.8		0.06

		511-South Coast II		36,417		4		Homestore		$6.02		154		$219,158														9.4		272.8		0.06

		402-Corte Madera		11,632		4		Housewares		$6.29		142		$73,119														11.0		395		0.15

		404 a - Santana Row		38,017		4		Homestore		$5.96		140		$226,467		EMS												10.3		124		0.18

		507-University Town Centre		12,678		4		Housewares		$5.33		137		$67,561														9.3		354		0.19

		406-Walnut Creek		37552		4		Homestore		6.161		129		231357.872														9.8		128		0.14

		505-Pasadena		38566		4		Homestore		4.257		128		164175.462														0.0		0		0.25

		506-Topanga Plaza		14262		4		Housewares		3.112		121		44383.344														0.0		0		0.12

		860-Crabtree Valley		13,305		4		Housewares		$1.86		115		$24,761		Target												6.5		91.2		0.1

		411-Union Square Furniture		43,167		4		Homestore		$4.91		114		$211,820														6.1		79		0.06

		502-Century City(Closed)		14,200		4		Housewares		$2.10		79		$29,763														0.0		0		0.19

		407-Hillsdale		15,238		4		Housewares		$3.24		71		$49,341														11.0		153.6		0.11

		403-Palo Alto		38,920		4		Homestore		$0.86		40		$33,588														5.5		83.2		0.18

														$2,003,639														2.2		85.6		0.08

		Homestore Average EUI = 141

		Housewares Average EUI = 127





Zone 3

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings

		603-Montgomery Mall		14,800		3		Housewares		$3.00		176		$44,430		$32,892		$11,538										W/s.f.		Peak		$/kWh

		605-Spring Valley		39,808		3		Homestore		$3.08		156		$122,648		$102,033		$20,615										9.9		148.8		0.08

		621-Madison Avenue		54,000		3		Homestore		$6.84		156		$369,090		$307,474		$61,616										11.2		446.1		0.1

		609-Clarendon		36,851		3		Homestore		$2.37		154		$87,226		$73,523		$13,703										10.3		556.8		0.17

		631-King of Prussia		37,139		3		Homestore		$4.66		153		$173,105		$146,921		$26,184										7.9		291		0.06

		450-Bellevue		35,043		3		Homestore		$2.78		141		$97,420		$89,972		$7,448										10.5		388		0.11

		633-Cable Building		41,357		3		Homestore		$5.77		130		$238,713				$141,103										8.8		307.2		0.07

		612-Short Pump		32,616		3		Homestore		$1.33		101		$43,314		DDC												8.0		328		0.17

		452-University Village		35,050		3		Homestore		$1.60		98		$55,975		DDC

		604-Towson Town Center		11,225		3		Housewares		$2.08		94		$23,393														7.5		264		0.06

														$1,255,313														6.0		66		0.1

		Homestore Average EUI = 136

		Housewares Average EUI = 135





Zone 2

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings										W/s.f.		Peak		$/kWh

		627-Manhasset		36,759		2		Homestore		$5.93		179		$217,981		$144,624		$73,357										12.5		461		0.16

		212-Burlington Mall		13,527		2		Housewares		$5.99		166		$81,013		$57,986		$23,027										10.0		139.6		0.17

		115-North and Claybourn		46,220		2		Homestore		$3.42		161		$157,841		$116,519		$41,322										13.0		597		0.09

		106 A-Northbrook Home Store		33,671		2		Homestore		$3.09		160		$103,909		$77,501		$26,408		DDC								11.7		398.4		0.08

		216-Boylston Street		34,874		2		Homestore		$5.40		159		$188,320		$141,265		$47,054										10.4		364		0.14

		205-Chestnut Hill		14,903		2		Housewares		$5.43		156		$80,908		$61,574		$19,335										10.6		159		0.16

		102-Plaza		21,525		2		Homestore		$2.94		151		$63,284		$49,849		$13,434										12.2		269.4		0.07

		206-Brattle St.		13,088		2		Housewares		$4.25		149		$55,598		$44,268		$11,329										12.8		166		0.11

		105-Michigan Avenue		43,288		2		Homestore		$2.97		149		$128,522		$102,780		$25,742										10.5		453.5		0.08

		214-South Shore		14,385		2		Housewares		$4.26		134		$61,223				$281,010										9.5		133.5		0.11

		103-Oakbrook		34,058		2		Homestore		$2.50		126		$85,213		DDC												8.8		300		0.07

		211-Natick Mall		11,612		2		Housewares		$4.31		119		$50,036														6.0		72		0.16

		215-Providence Place		11,762		2		Housewares		$3.73		107		$43,872														5.8		70		0.43

		108-Old Orchard		16,680		2		Housewares		$1.92		105		$32,042														5.8		98		0.07

		623-Westchester/White Plains		32,102		2		Homestore		$4.59		105		$147,348														4.8		153.6		0.18

		751-Somerset		32,182		2		Homestore		$2.40		87		$77,333														0.0		0		0.1

														$1,574,443

		Average Homestore EUI = 142

		Average Housewares EUI = 128





Zone 1

		Site		SF		Zone		Type		ECI		EUI		$

		702-Southdale		14,150		1		Housewares		$2.14		131		$30,338

		721-Park Meadows		34,888		1		Homestore		$2.22		120		$77,347

		701-Nicollet Mall		17,000		1		Housewares		$1.19		64		$20,179

		723-Flatiron		33,387		1		Homestore		$0.19		27		$6,310





Totals

		Total Current $		New Current $		Savings		%

		$5,739,070		$4,010,112		$1,728,958		30%

														Zone		Homestore Ave.		Housewares Ave.		% Diff

														1		74		148		50%

														2		142		128		11%

														3		136		135		1%

														4		141		127		11%

														5		181		173		5%
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Site SF Zone Type ECI EUI Current $ New $ Savings
601-Tysons Corner 39,463 4 Homestore $3.01 193 $118,823 $70,678 $48,146
510-Mission Viejo 12,895 4 Housewares $6.10 177 $78,685 $51,093 $27,592
503-Fashion Valley 14,510 4 Housewares $6.66 177 $96,579 $62,924 $33,655
412-Roseville 34,372 4 Homestore $4.13 176 $142,059 $92,740 $49,320
851-Lenox 36,919 4 Homestore $3.21 175 $118,325 $77,619 $40,707
855-Alpharetta 29,282 4 Homestore $2.52 156 $73,674 $54,176 $19,498 EMS
511-South Coast II 36,417 4 Homestore $6.02 154 $219,158 $164,146 $55,012
402-Corte Madera 11,632 4 Housewares $6.29 142 $73,119 $59,252 $13,867
404 a - Santana Row 38,017 4 Homestore $5.96 140 $226,467 $185,686 $40,781 EMS
507-University Town Centre 12,678 4 Housewares $5.33 137 $67,561 $56,700 $10,861
406-Walnut Creek 37,552 4 Homestore $6.16 129 $231,358 $339,438
505-Pasadena 38,566 4 Homestore $4.26 128 $164,175
506-Topanga Plaza 14,262 4 Housewares $3.11 121 $44,383
860-Crabtree Valley 13,305 4 Housewares $1.86 115 $24,761 Target
411-Union Square Furniture 43,167 4 Homestore $4.91 114 $211,820
502-Century City(Closed) 14,200 4 Housewares $2.10 79 $29,763
407-Hillsdale 15,238 4 Housewares $3.24 71 $49,341
403-Palo Alto 38,920 4 Homestore $0.86 40 $33,588

$2,003,639
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Zone 5

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings		W/s.f.		Peak		$/kWh

		802-Palm Beach		12,810		5		Housewares		$4.90		231		$62,782		$42,893		$19,889		12.3		160		0.08

		801-Boca Town Center		13,317		5		Housewares		$4.88		220		$64,987		$46,702		$18,285		15.4		200		0.09

		307-Galleria North Shopping Center		32,448		5		Homestore		$3.45		202		$111,816		$87,479		$24,337		11.8		376		0.06

		553-Keirland Commons		34,701		5		Homestore		$3.71		189		$128,880		$107,642		$21,237		12.7		444		0.08

		803-The Falls		13,639		5		Housewares		$4.07		187		$55,538		$46,891		$8,647		12.6		177		0.09

		303 A-Highland Village		32,683		5		Homestore		$3.09		170		$100,990				$92,395		14.0		463		0.07

		305-Knox Street		35,087		5		Homestore		$3.01		164		$105,542						13.7		480		0.07

		804-Aventura Mall		12,853		5		Housewares		$3.43		158		$44,099		Target				10.2		132		0.09

		309-Southlake		15,559		5		Housewares		$3.48		137		$54,130						10.8		173		0.1

		805-Mall at Milennia		14,395		5		Housewares		$2.97		106		$42,739						5.4		76		0.07

														$771,501

		158 = Target EUI

		New $ = (158 ÷ EUI) x Current $

		Home Store Average EUI = 181

		Housewares Average EUI = 173





Zone 4

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings

		601-Tysons Corner		39,463		4		Homestore		$3.01		193		$118,823		$70,678		$48,146										W/s.f.		Peak		$/kWh

		510-Mission Viejo		12,895		4		Housewares		$6.10		177		$78,685		$51,093		$27,592										11.6		453		0.06

		503-Fashion Valley		14,510		4		Housewares		$6.66		177		$96,579		$62,924		$33,655										10.8		140.4		0.12

		412-Roseville		34,372		4		Homestore		$4.13		176		$142,059		$92,740		$49,320										11.2		168		0.14

		851-Lenox		36,919		4		Homestore		$3.21		175		$118,325		$77,619		$40,707										12.1		410		0.08

		855-Alpharetta		29,282		4		Homestore		$2.52		156		$73,674		$54,176		$19,498		EMS								11.6		428.8		0.06

		511-South Coast II		36,417		4		Homestore		$6.02		154		$219,158		$164,146		$55,012										9.4		272.8		0.06

		402-Corte Madera		11,632		4		Housewares		$6.29		142		$73,119		$59,252		$13,867										11.0		395		0.15

		404 a - Santana Row		38,017		4		Homestore		$5.96		140		$226,467		$185,686		$40,781		EMS								10.3		124		0.18

		507-University Town Centre		12,678		4		Housewares		$5.33		137		$67,561		$56,700		$10,861										9.3		354		0.19

		406-Walnut Creek		37,552		4		Homestore		$6.16		129		$231,358				$339,438										9.8		128		0.14

		505-Pasadena		38,566		4		Homestore		$4.26		128		$164,175														0.0		0		0.25

		506-Topanga Plaza		14,262		4		Housewares		$3.11		121		$44,383														0.0		0		0.12

		860-Crabtree Valley		13,305		4		Housewares		$1.86		115		$24,761		Target												6.5		91.2		0.1

		411-Union Square Furniture		43,167		4		Homestore		$4.91		114		$211,820														6.1		79		0.06

		502-Century City(Closed)		14,200		4		Housewares		$2.10		79		$29,763														0.0		0		0.19

		407-Hillsdale		15,238		4		Housewares		$3.24		71		$49,341														11.0		153.6		0.11

		403-Palo Alto		38,920		4		Homestore		$0.86		40		$33,588														5.5		83.2		0.18

														$2,003,639														2.2		85.6		0.08

		Homestore Average EUI = 141

		Housewares Average EUI = 127





Zone 3

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings

		603-Montgomery Mall		14,800		3		Housewares		$3.00		176		$44,430		$32,892		$11,538										W/s.f.		Peak		$/kWh

		605-Spring Valley		39,808		3		Homestore		$3.08		156		$122,648		$102,033		$20,615										9.9		148.8		0.08

		621-Madison Avenue		54,000		3		Homestore		$6.84		156		$369,090		$307,474		$61,616										11.2		446.1		0.1

		609-Clarendon		36,851		3		Homestore		$2.37		154		$87,226		$73,523		$13,703										10.3		556.8		0.17

		631-King of Prussia		37,139		3		Homestore		$4.66		153		$173,105		$146,921		$26,184										7.9		291		0.06

		450-Bellevue		35,043		3		Homestore		$2.78		141		$97,420		$89,972		$7,448										10.5		388		0.11

		633-Cable Building		41,357		3		Homestore		$5.77		130		$238,713				$141,103										8.8		307.2		0.07

		612-Short Pump		32,616		3		Homestore		$1.33		101		$43,314		DDC												8.0		328		0.17

		452-University Village		35,050		3		Homestore		$1.60		98		$55,975		DDC

		604-Towson Town Center		11,225		3		Housewares		$2.08		94		$23,393														7.5		264		0.06

														$1,255,313														6.0		66		0.1

		Homestore Average EUI = 136

		Housewares Average EUI = 135





Zone 2

		Site		SF		Zone		Type		ECI		EUI		Current $		New $		Savings										W/s.f.		Peak		$/kWh

		627-Manhasset		36,759		2		Homestore		$5.93		179		$217,981		$144,624		$73,357										12.5		461		0.16

		212-Burlington Mall		13,527		2		Housewares		$5.99		166		$81,013		$57,986		$23,027										10.0		139.6		0.17

		115-North and Claybourn		46,220		2		Homestore		$3.42		161		$157,841		$116,519		$41,322										13.0		597		0.09

		106 A-Northbrook Home Store		33,671		2		Homestore		$3.09		160		$103,909		$77,501		$26,408		DDC								11.7		398.4		0.08

		216-Boylston Street		34,874		2		Homestore		$5.40		159		$188,320		$141,265		$47,054										10.4		364		0.14

		205-Chestnut Hill		14,903		2		Housewares		$5.43		156		$80,908		$61,574		$19,335										10.6		159		0.16

		102-Plaza		21,525		2		Homestore		$2.94		151		$63,284		$49,849		$13,434										12.2		269.4		0.07

		206-Brattle St.		13,088		2		Housewares		$4.25		149		$55,598		$44,268		$11,329										12.8		166		0.11

		105-Michigan Avenue		43,288		2		Homestore		$2.97		149		$128,522		$102,780		$25,742										10.5		453.5		0.08

		214-South Shore		14,385		2		Housewares		$4.26		134		$61,223				$281,010										9.5		133.5		0.11

		103-Oakbrook		34,058		2		Homestore		$2.50		126		$85,213		DDC												8.8		300		0.07

		211-Natick Mall		11,612		2		Housewares		$4.31		119		$50,036														6.0		72		0.16

		215-Providence Place		11,762		2		Housewares		$3.73		107		$43,872														5.8		70		0.43

		108-Old Orchard		16,680		2		Housewares		$1.92		105		$32,042														5.8		98		0.07

		623-Westchester/White Plains		32,102		2		Homestore		$4.59		105		$147,348														4.8		153.6		0.18

		751-Somerset		32,182		2		Homestore		$2.40		87		$77,333														0.0		0		0.1

														$1,574,443

		Average Homestore EUI = 142

		Average Housewares EUI = 128





Zone 1

		Site		SF		Zone		Type		ECI		EUI		$

		702-Southdale		14,150		1		Housewares		$2.14		131		$30,338

		721-Park Meadows		34,888		1		Homestore		$2.22		120		$77,347

		701-Nicollet Mall		17,000		1		Housewares		$1.19		64		$20,179

		723-Flatiron		33,387		1		Homestore		$0.19		27		$6,310





Totals

		Total Current $		New Current $		Savings		%

		$5,739,070		$4,885,124		$853,946		15%

														Zone		Homestore Ave.		Housewares Ave.		% Diff

														1		74		148		50%

														2		142		128		11%

														3		136		135		1%

														4		141		127		11%

														5		181		173		5%
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Climate Zone Map (2018)
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Why Look at a Breakdown 
of Energy Use?
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Total Building Energy Consumption
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What System Should I Tackle?
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Dubai Fire Station2 Example – Actual End Use
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Source: Griffin Consultants.
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Dubai Residential Building Example –
Actual End Use
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Source: Griffin Consultants.

• Residential building
• Common areas in five 

residential floors
• 3,020 m²

• One basement floor
• 4,355 m²
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Dubai Res/Comm. Building Example –
Actual End Use

Assessing  Performance and Setting Goals

Source: Griffin Consultants.

• Multi-use building
• Two office floors

• 4,000 m²
• Common areas in thirteen 

residential floors
• 2,330 m²

• Two basement floors
• 4,980 m²
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District Cooling Fed Mall in the UAE –
Electrical Actual End Use
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Source: Griffin Consultants.
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Res. Community Example (DC Fed) –
Electrical Actual End Use
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Source: Griffin Consultants.
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Honolulu Office Building Actual End Use
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Examples of End-Use
Energy Calculations

Lighting example:
46 lamps × 52 watts/lamp × 0.95 load factor 

× 6516 h/yr × 0.001 kW/watt
14,807 kWh/yr

Fan example:  1.3 hp × 0.746 kWh/hp ×
90% efficiency × 65% full load for fixed-
speed motor × 1200 h/yr         840 kWh/yr

Assessing  Performance and Setting Goals
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An Introduction to
Energy Audits:
The foundation for 

smart capital investment
and

a source of O&M ideas

Assessing  Performance and Setting Goals

152
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



153

Assessing  Performance and Setting Goals

A LEED
Existing Buildings 
Reference

PRINCIPAL CONTRIBUTORS
Michael Deru Richard Pearson Jim Kelsey
NREL Pearson Engineering KW Engineering

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



What is an Energy Audit?

 An energy audit “…identifies and develops 
modifications that will reduce the energy 
use and/or cost of operating a building.”*

 ASHRAE defines three levels of energy 
audit.

 There are tasks and deliverables at each 
level.

154

*Procedures for Commercial Building Energy Audits (2011)

*ASHRAE Standard 211
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Objectives of an Energy Audit

• Collect and analyze historical energy usage/cost

• Study the building and its operation

• Identify potential modifications 

• Perform an engineering and economic analysis 

• Prepare a rank-ordered list of modifications

• Prepare a report/provide recommendations

Assessing  Performance and Setting Goals
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What You Can Get…
 Level I
 New ideas for low cost/no cost changes
 Ideas for capital changes

 Level II
 All practical changes to procedures and settings 
 List of capital projects; estimated costs and benefits

 Level III
 Detailed economic and engineering basis for capital 

projects

Assessing  Performance and Setting Goals
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Energy Audits and Capital Projects
Levels II and III give the economic and
engineering foundation for capital projects
 In the context of proper O&M procedures 
 Understanding the organization’s capacity to 

incorporate the changes

Energy Audits II and III reduce the risk of 
unexpected results in capital projects

Assessing  Performance and Setting Goals
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How You Can Use the ASHRAE 
Definitions of Energy Audits I, II, III

As a building owner:
 Cite the definitions 

(cut and paste) for 
RFP

 Compare vendor 
offerings to the 
definitions to 
negotiate proposed 
services

As a vendor:
 Cite the definitions 

(cut and paste) in 
your responses to 
RFP

 Use the outlines to 
organize your reports  

Assessing  Performance and Setting Goals
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Exercise 7: Audit Level Examples
Assessing  Performance and Setting Goals

Project Information
Owner: IFA
Client: Fairmont Hotels
Contract Type: Guaranteed Savings Energy Performance Contract
Area: 90,000 m²
Project Summary
The Fairmont Palm is a world class 5-star hotel located on the trunk of the
Palm Jumeirah in Dubai, UAE. The 300 room beach resort includes a
spa, conference center, penthouses and 7 food and beverage
outlets. takasolutions supports the team via a guaranteed savings energy
performance contract.
Savings
19% Savings
400,000 tons of CO2 Saved
12,847 MWh / Year Saved
Results
takasolutions works with the hotel 
management team to provide energy 
auditing, package procurement, implementation 
management and energy management for 
energy services. Ongoing M&V and operations 
over the contract period will offer energy insight, 
reporting and a guarantee of savings.

Source : takasolutions
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Energy Audit Case Studies
Assessing  Performance and Setting Goals

Source: Griffin Consultants
Project Information
Contract Type: ASHRAE Level III EA Implementation

(Retrofit of residential communities)
Community: Discovery Gardens residential community
Project Summary
The project involves energy audit (EA) of a
representative residential building and community-
wide EA implementation in three phases.
Phase 1 – 4 buildings; Phase 2 – 28 buildings;
Phase 3 – 27 buildings
Results
• No/ low cost ECMs:

• Reduction in exhaust airflows to ASHRAE
minimum requirements

• Replacement of FAHU pulley to reduce fan
motor power

• Resetting of DPT points for chilled water
pumps

• Total cost savings equivalent to AED 3 million/
annum

• Simple pay-back of 5 months
162
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Energy Audit Case Studies
Assessing  Performance and Setting Goals

Source :Griffin Consultants

Implementation period for ECMs – January to March 2016
Savings comparison – April to December 2014, 15, 16

Phase 1 Implementation – Total consumption
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Energy Audit Case Studies
Assessing  Performance and Setting Goals

Source: Griffin Consultants

Phase 2 Implementation – Total consumption

DC savings comparison period – June to December
Electricity savings comparison period – June to August
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Energy Audit Case Studies
Assessing  Performance and Setting Goals

Source: Griffin Consultants

DC savings comparison period – August to December
Electricity savings comparison period – August to October

Phase 3 Implementation – Total consumption
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Exercise 7: Audit Level 
Examples

Assessing  Performance and Setting Goals

Page 19
in the 
exercises
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What About Commissioning?

 Commissioning
 Recommissioning
 Retrocommissioning 

Assessing  Performance and Setting Goals

2015 ASHRAE Handbook—
HVAC Applications, Chapter 43
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ENERGY STAR Guidelines for 
Energy Management

www.energystar.gov

Assessing  Performance and Setting Goals

168
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Benefits of Goal Setting

 Sets the tone for improvement
 Basis to measure success
 Helps the energy team to identify progress and 

setbacks
 Fosters ownership, creates purpose, and 

motivates
 Demonstrates commitment
 Creates schedules and milestones 

Assessing  Performance and Setting Goals
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Goals: Corporate Example
ENERGY STAR Partner: 3M 

Energy Efficiency Goal: Improve global energy 
efficiency by 20% between 2006 and 2010, 
with 2005 as the baseline year. Efficiency will 
be calculated by dividing 3M net sales by 3M 
total energy use. 

Progress: Through 2008, energy efficiency has 
been improved by 19.2%.

Assessing  Performance and Setting Goals
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Level II and III Audits:
Ingredients for Goals for a Building

Assessing  Performance and Setting Goals

Energy Efficiency Measure (EEM):  
AHU Variable Frequency Drives

Estimated Impact 
Calculation

Existing System Simulation 843,961 kWh/year

EEM  Simulation 705,903 kWh/year

EEM Energy Savings 138,058 kWh/year

EEM  $ Savings $22,918/year

EEM construction cost (Engineering not 
included)

$63,100

EEM Simple Payback 2.75 years
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SMART Goals—Reminder
 Specific
 Measurable
 Attainable
 Relevant
 Time framed

Assessing  Performance and Setting Goals
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Setting the Goal—Example
We will document 5% electrical energy 

savings over eight weeks at the Hilldale
facility.

Table discussion:  How SMART is the Great 
Dane goal?

Assessing  Performance and Setting Goals
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Action Plans: Ideas and 
a Test Method

Now that I have a target building, 
how do I start saving energy?

Action Plans: Ideas and a Test Method
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ENERGY STAR Guidelines for 
Energy Management

www.energystar.gov

Action Plans: Ideas and a Test Method
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Two Types of Action

• Discretionary facility operation
• Capital improvements

Action Plans: Ideas and a Test Method
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Learning by Doing: 
“Reverse” Energy Audit Process

• Low-cost actions decrease utility costs 
first

• Knowledge and skill built by facility staff
• In-depth audit and capital improvements 

follow, on firm foundation

Action Plans: Ideas and a Test Method
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“The most thorough energy 
conservation program begins at the 
end of each distribution system and 
works back to the Central Plant.”

- John Freund, John Deere Corp.
HPAC, September 1980, p.58

….So, start with end uses !

Action Plans: Ideas and a Test Method
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A General Sequence of
Systems to Tackle

 Lighting

 Fan systems

 Pumping systems

 Boilers and chillers

Easier to harder

Action Plans: Ideas and a Test Method
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Sample Discretionary Actions—
Lighting
• Match operating hours to activities

• Unoccupied lighting
• Existing custodial lighting

• Take advantage of daylight
• Check delays on occupancy sensors
• Assure appropriate foot-candles for tasks 

(lumens)
• Install high-Kelvin lamps

Easier to harder

Action Plans: Ideas and a Test Method
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Sample Discretionary Actions—
Fan Systems 
• Match running time to activities
• Lower hot-air temperatures
• Raise cold-air temperatures
• Lower fan pressure in ducts
• Adjust static pressure set points

o Manual reset
o Dynamic reset using damper positions

• Minimize outdoor air quantities
• Minimize exhaust quantities
• Match ventilation to number of occupants
• De-energize exhaust fans and close OA dampers when 

unoccupied

Easier to harder

Action Plans: Ideas and a Test Method
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Major Tip

To warm or cool the building ahead of 
occupancy, be sure that outdoor air 
dampers are closed until occupancy. 

Action Plans: Ideas and a Test Method
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Sample Discretionary Actions—
Fan Systems (cont.)
• Make best use of economizer operation
• Eliminate simultaneous heating and 

cooling
• Reduce airflow in constant volume (CV) 

systems
• De-energize non-essential loads
• Seal leaky ducts
• Convert CV systems to VAV

Action Plans: Ideas and a Test Method

Easier to harder
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Sample Discretionary Actions—
Pumping Systems
• Match running time to activities
• De-energize non-essential loads
• Verify proper flow

o Throttle balance valves
o Trim pump impellers

• Lower pressure set point to optimize variable flow
o Manual reset
o Dynamic reset

• Convert CV system to variable flow

Action Plans: Ideas and a Test Method

Easier to harder
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Sample Discretionary Actions—
Boilers
• Lower hot-water temperatures

• If steam, lower steam pressure

• Install modulating burners (linkage-less)

• Optimize boiler sequencing

• Minimize losses in de-energized boilers

Action Plans: Ideas and a Test Method

Easier to harder
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Sample Discretionary Actions—
Chillers

• Match running time to activities
• Raise chilled-water set points
• Reduce condenser water temperature
• Optimize cooling tower fan speed
• Optimize chiller staging
• Minimize chiller cycling
• Reduce chilled-water flow

Action Plans: Ideas and a Test Method

Easier to harder
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ENERGY STAR IT Tools
Action Plans: Ideas and a Test Method

https://www.energystar.gov/products/low_carbon_it_campaign/power_management_computer 187
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Other Lists of Discretionary 
Opportunities 

Chapter 36, “Energy Use and Management,” 
2015 ASHRAE Handbook—HVAC Applications

ASHRAE Standard 100-2018, 
Energy Conservation in Existing Buildings

Action Plans: Ideas and a Test Method
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Exercise 8: Ranking Discretionary 
Actions for Discussion

and Application

Action Plans: Ideas and a Test Method

Page 28
in the 
exercises
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BREAK!
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Handouts
1. Course exercises
2. Energy Management Session Supplement
3. “Focus on Energy” best practices spreadsheets
4. WA Energy Audit checklists
5. References
6. Advocate Healthcare EM operational checklists
7. Aurora walk-thru audit notes
8. Excerpts from ASHRAE Standard 100-2018
9. ENERGY STAR Guidelines for Energy 
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Wisconsin’s Focus on Energy
Best Practices Spreadsheets

Action Plans: Ideas and a Test Method
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Wisconsin’s Focus on Energy
Best Practices Spreadsheets

• Air handlers
• Boilers
• Chillers
• Cooking
• Domestic hot water
• HVAC
• Lighting
• Miscellaneous equipment
• Refrigeration

Action Plans: Ideas and a Test Method

193

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Air-Handlers Best Practices
• Install variable-speed controls on air handler supply fan
• Convert air handling system from constant volume to       

variable air flow
• Convert dual duct or multizone air handling system to 

variable air flow
• Install premium efficiency motors
• Install high efficiency AC units or RTUs
• Reduce outdoor air intake
• Install night setback controls (heating season)
• Install night setup controls (cooling season)

Action Plans: Ideas and a Test Method
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Air-Handlers Best Practices
Action Plans: Ideas and a Test Method
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Air Handlers Best Practices

Install variable-
speed controls 
on supply fan

Action Plans: Ideas and a Test Method
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Air Handlers Best Practices

Tips
1. Turn off unneeded exhaust fans
2. Do not open OA dampers until occupancy

Action Plans: Ideas and a Test Method
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Air Handlers Best Practices

Reduce 
outdoor air 
intake

Action Plans: Ideas and a Test Method
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Chillers Best Practices
• High efficiency chillers
• Chilled-water reset
• Chilled-water pump VFD

Action Plans: Ideas and a Test Method
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Chillers Best Practices

Tips
1. Increase chilled-water temperature: save 1.5% power per 

0.55°C
2. Decrease condenser water temperature: save 1.5% power 

per 0.55°C

Extreme Example
Increase chilled-water temperature from 5.5°C to 8.9°C and decrease 
condenser water temperature from 25°C to 23.9°C: 

Save 13.5% power

Action Plans: Ideas and a Test Method
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Chillers Best Practices

Chilled-
water 
reset

Action Plans: Ideas and a Test Method
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Lighting Best Practices
• Compact Fluorescents LEDs
• LED exit lights

• Reduced hours of operation

• Occupancy sensors

• Vending machines

• T12 to high-performance T8s 

• Metal halide to high-performance T8s or T5s

• Task lighting

Action Plans: Ideas and a Test Method

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Lighting Best Practices
Action Plans: Ideas and a Test Method
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Miscellaneous Best Practices

• ENERGY STAR Computers and Monitors

• Replace windows

• Vending machine occupancy sensors

• Add roof insulation

• Reduce infiltration 

Action Plans: Ideas and a Test Method
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Miscellaneous Best Practices (cont.)

Action Plans: Ideas and a Test Method

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Miscellaneous Best Practices (cont.)

Vending 
machine 
occupancy 
sensors

Action Plans: Ideas and a Test Method
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Wisconsin’s Focus on Energy
Best Practices Spreadsheets

Available in virtual handouts

Action Plans: Ideas and a Test Method
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ENERGY STAR Guidelines for 
Energy Management

www.energystar.gov

Evaluating Progress
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Introducing End-Use Evaluation

Use trend logs or portable data loggers:
• Runtime
• Temperature and humidity fluctuations
• Electrical use

• Amps
• Watts
• kWh 

Action Plans: Ideas and a Test Method
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Trend Logs from Control Systems
Action Plans: Ideas and a Test Method
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Stand-alone Loggers
(Download Data to Analyze)

Motor On-Off Logger (R)
Temp/RH/Light Level (L)

Action Plans: Ideas and a Test Method
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Action Plans: Ideas and a Test Method
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Boiler Fire Rate
Versus OA Temperature

Action Plans: Ideas and a Test Method
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Action Plans: Ideas and a Test Method
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Office Temperature/RH—Verex
Action Plans: Ideas and a Test Method
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Bank Temperature/RH
Action Plans: Ideas and a Test Method
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Bank ∆T Versus %RH
Action Plans: Ideas and a Test Method
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Cooling Coil Rules of Thumb

∆T of Air

2.8 ° to 4.4°C

4.4° to 6.7°C

6.7° to 8.9°C

8.9° to 11.1°C

Action Plans: Ideas and a Test Method

Moisture Removal

zero

barely measurable

good

excellent
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Case Exercise 9: Using Motor 
Logger Data

Action Plans: Ideas and a Test Method

Page 30
in the 
exercises
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Disincentives for the 
Building Engineer

• Risk of occupant discomfort

• Risk of equipment failure

• Experimentation can be terrifying

Action Plans: Ideas and a Test Method
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Incentives for the 
Building Engineer

• Regular monitoring by the manager 

• Managerial encouragement to experiment
• Occasional, brief discomfort is OK

• Teamwork

• Accomplishment—getting results

• Perks paid for by savings

Action Plans: Ideas and a Test Method
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So, if the Risk of Change is 
Worrisome…

 Take small steps that are reversible.

 Study your results, communicate, and adjust as 
needed.

 Engage your boss and occupants in the tests.

Action Plans: Ideas and a Test Method
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Testing School Lighting Changes

Hitch Elementary School, Chicago, IL

Action Plans: Ideas and a Test Method
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Ingredients for the Test
1. Aim: reduce wasted energy use
2. Measures: 30-minute electric meter use; patrol 

compliance
3. Change idea: Use daylight when possible in 

classrooms

Test Plan: Try different levels, just the week before 
spring vacation.
Tuesday: All lights on
Wednesday: One bank only
Friday: Daylight only…. Then, vacation!

Action Plans: Ideas and a Test Method
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BREAK!
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Evaluating 
Progress

Evaluating Progress
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ENERGY STAR Guidelines for 
Energy Management

www.energystar.gov

Evaluating Progress
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Why Commit to Energy Management?

Greener Pastures with Energy Savings
Emissions Reduction at Madison College

The above energy savings were achieved with an additional 
65,030 m² conditioned space!

Source:  Madison College Engineering Manager. Wesley Marquardt.
wmarquardt@madisoncollege.edu.

Energy Usage FY 01/02
111,484 m²

Usage FY16/17
176,515 m²

Annual 
Reduction!

Electricity 23,000,000 kWh 16,000,000 kWh 7,000,000 kWh

Natural Gas 94,950 GJ 42,200 GJ 52,750 GJ

Emissions
Emissions 
FY 01/02

Emissions 
FY 16/17

Annual 
Reduction!

CO2 25,000 tons 15,000 tons 10,000 tons
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Greener Pastures with Energy Savings
Energy Cost Avoidance at Madison College
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Friday Test:  
Please use 
daylight only

In-service day

Wednesday Test: 
Please use only 
one light bank

Tuesday Test: 
Please use both 
light banks

Results: School Lighting Test
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30 Days 
Time Period 

Total 
Energy, 

kWh

Total energy 
M–F 

8:30 to 3:30,
kWh

Median Daily 
Maximum 

30-Min 
Demand, kW

4/20/2006–
5/19/2006 24,690 11,130 93.5

4/19/2007–
5/18/2007 19,000 9300 81.5

30-day period 
2007 versus 

2006, more than 
20% energy 

savings!

Evaluating Progress
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Honolulu Office Building:
Before and After

Evaluating Progress
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Honolulu Office Building:
Before and After

Evaluating Progress

Shaded Area = Energy Savings = $100,000/yr
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What We Did

• Operational changes—matched schedules 
to occupancy

• Capital—more efficient chillers, pumps, 
towers; new building automation system to 
integrate equipment operation

• Cost of changes paid back in five years 
from savings

Evaluating Progress

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Honolulu Office Building: 
Energy Management Results

• 20% energy savings 

• Savings per year:

• $100K

• 750 tons
carbon dioxide (CO2)

• 2.3 tons
nitrogen oxide (Nox)

• 2.0 tons
sulfur dioxide (SO2)

.

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Madison Insurance Company
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Thumbnails, all graphs, 98-2004
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1999

2000

2001

2002

2003

2004

Months

kWh

CUNA Mutual Group     
Entire Campus     
Electricity Use (kWh) Comparison
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all building-kw compare98-04
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*Oct 99 - Current:  Reflects Coincident kW
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2002
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2004

Months

kW

CUNA Mutual Group    
 Entire Campus     
Demand (kW) Comparison*
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all buildings--kWh graph-98-04

		

																																						Peak
kW

																																1998						4,250

																																1999						4,184

																																2000						4,054

																																2001						3,956

																																2002						3,833

																																2003						3,597

																																2004						3,394

																																Seven Year
Reduction						856

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec

		1998		3364		3351		3719		3743		4105		4231		4250		4031		3945		3751		3480		3290

		1999		3306		3224		3207		3968		3778		3953		4184		4082		4024		3302		3333		3109

		2000		3132		3085		3171		3359		3970		3792		3927		3974		4054		3644		3473		3073

		2001		3035		3001		3020		3495		3779		3858		3853		3956		3535		3362		3350		2926

		2002		2973		3101		2932		3464		3555		3645		3833		3727		3734		3469		2896		2890

		2003		2852		2855		2847		3317		3299		3597		3519		3589		3374		3179		3602		2755

		2004		2725		2742		2817		2964		3223		3372		3394		3293		3047		2789		2588		2514

		1998		1999		2000		2001		2002		2003		2004

		4250		4184		4054		3956		3833		3597		3394



Rates increase over 4% a year -- CMG reducing or keeping costs flat.

1998
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Months

Dollars

CUNA Mutual Group     
Entire Campus    
Electricity Cost Comparison*
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March 2004
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CUNA Mutual Group    
 Entire Campus     
Demand (kW) Comparison*



all buildings-cost graph-98-04 

		

																																								TOTAL
kWh

																																		1998						20,786,867

																																		1999						19,071,735

																																		2000						18,374,900

																																		2001						18,190,269

																																		2002						18,425,789

																																		2003						17,763,746

																																		2004						16,716,580

																																		Seven Year
Reduction						4,070,287

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		TOTAL		Total Dollars		Dollars per kWh

		1998		1,517,220		1,432,940		1,679,300		1,800,308		1,887,849		1,928,500		2,052,040		1,833,490		1,947,600		1,620,580		1,406,460		1,680,580		20,786,867		$   1,072,245		$   0.052

		1999		1,500,880		1,511,660		1,390,440		1,486,120		1,517,800		1,806,400		1,968,175		1,937,440		1,586,020		1,426,700		1,535,500		1,404,600		19,071,735		$   1,010,647		$   0.053

		2000		1,386,300		1,459,800		1,386,200		1,455,900		1,536,500		1,827,000		1,709,100		1,769,200		1,565,300		1,402,100		1,495,700		1,381,800		18,374,900		$   1,017,204		$   0.055

		2001		1,467,100		1,347,500		1,361,000		1,453,400		1,616,700		1,589,751		1,711,355		1,859,920		1,588,540		1,366,198		1,545,393		1,283,412		18,190,269		$   1,046,210		$   0.058

		2002		1,584,702		1,359,123		1,342,515		1,482,000		1,425,979		1,653,602		1,861,250		1,709,418		1,658,947		1,396,513		1,405,048		1,546,692		18,425,789		$   1,003,042		$   0.054

		2003		1,477,899		1,397,187		1,336,780		1,376,307		1,483,745		1,560,718		1,775,233		1,784,211		1,469,276		1,267,263		1,494,787		1,340,340		17,763,746		$   1,051,631		$   0.059

		2004		1,350,604		1,238,520		1,433,245		1,375,648		1,410,451		1,526,271		1,667,719		1,428,856		1,447,586		1,303,564		1,205,367		1,328,749		16,716,580		$   870,097		$   0.052

																										Seven Year Reduction		4,070,287



&CPrepared by MGE
March 2004
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Madison Insurance Company
Electricity Use (kWh) Comparison



Bar Graph--kWh

		

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Total

		1998		$77,965		$74,913		$84,810		$80,793		$97,628		$   106,053		$111,588		$97,973		$100,796		$82,979		$74,170		$82,577		$1,072,245

		1999		$77,102		$77,122		$73,723		$79,279		$80,075		$   97,152		$99,428		$101,973		$93,504		$76,426		$79,919		$74,943		$1,010,647

		2000		$75,471		$77,581		$75,837		$79,037		$84,791		$   100,490		$97,229		$99,276		$93,381		$78,627		$80,590		$74,893		$1,017,204

		2001		$79,699		$76,369		$76,901		$82,454		$90,994		$   102,047		$105,729		$110,674		$95,058		$78,359		$70,030		$77,896		$1,046,210

		2002		$80,136		$72,716		$72,235		$80,144		$78,075		$   95,969		$   104,143		$97,801		$   94,140		$74,988		$73,904		$78,790		$1,003,042

		2003		$76,760		$74,175		$77,982		$83,212		$88,675		$   95,659		$   110,538		$110,505		$   92,600		$76,144		$88,752		$76,629		$1,051,631

		2004		$78,818		$62,904		$85,401		$83,929		$83,854		$   100,791		$   108,248		$95,958		$   94,288		$75,906		$68,707		$75,586		$1,014,390
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Bar Graph-kW--98 through 04

		

				1998		1999		2000		2001		2002		2003		2004

		Annual kWh		20786867		19071735		18374900		18190269		18425789		17763746		16716580
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Annual kWh

Cuna Mutual
Entire Campus
Annual kWh



		

				1998		1999		2000		2001		2002		2003		2004

		Peak kW		4250		4184		4054		3956		3833		3597		3394





		



Peak kW

Year

Peak kW (Demand)

Annual Peak Demand
Cuna Mutual Group
Entire Campus
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Thumbnails, all graphs, 98-2004
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*Oct 99 - Current:  Reflects Coincident kW
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2004
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CUNA Mutual Group    
 Entire Campus     
Demand (kW) Comparison*
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2972.7

2851.8

2724.7

3351

3224

3085.4

3001.4

3100.6

2854.9

2742.1

3719

3207

3170.5

3020

2932.2

2847.4

2816.6

3743

3968

3359.4

3494.6

3464.3

3316.9

2963.7

4105

3778

3969.8

3778.8

3554.5

3298.9

3222.9

4231

3953

3792.2

3858.3

3645.1

3597.3

3371.8

4250

4184

3926.5

3853.4

3833.1

3519.3

3393.6

4031

4082

3973.5

3956.3

3727.2

3588.8

3293.4

3945

4024

4054.3

3535

3733.9

3373.6

3047.2

3751

3302

3643.9

3361.6

3468.7

3179.2

2789.1

3480

3333

3472.7

3350

2895.7

3602.4

2587.6

3290

3109

3073.4

2925.7

2889.7

2755.3

2514.1



all buildings--kWh graph-98-04

		

																																						Peak
kW

																																1998						4,250

																																1999						4,184

																																2000						4,054

																																2001						3,956

																																2002						3,833

																																2003						3,597

																																2004						3,394

																																Seven Year
Reduction						856

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec

		1998		3364		3351		3719		3743		4105		4231		4250		4031		3945		3751		3480		3290

		1999		3306		3224		3207		3968		3778		3953		4184		4082		4024		3302		3333		3109

		2000		3132		3085		3171		3359		3970		3792		3927		3974		4054		3644		3473		3073

		2001		3035		3001		3020		3495		3779		3858		3853		3956		3535		3362		3350		2926

		2002		2973		3101		2932		3464		3555		3645		3833		3727		3734		3469		2896		2890

		2003		2852		2855		2847		3317		3299		3597		3519		3589		3374		3179		3602		2755

		2004		2725		2742		2817		2964		3223		3372		3394		3293		3047		2789		2588		2514

		1998		1999		2000		2001		2002		2003		2004

		4250		4184		4054		3956		3833		3597		3394



Rates increase over 4% a year -- CMG reducing or keeping costs flat.
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&CPrepared by MGE  
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all buildings--kWh graph-98-04
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CUNA Mutual Group    
 Entire Campus     
Demand (kW) Comparison*



all buildings-cost graph-98-04 

		

																																								TOTAL
kWh

																																		1998						20,786,867

																																		1999						19,071,735

																																		2000						18,374,900

																																		2001						18,190,269

																																		2002						18,425,789

																																		2003						17,763,746

																																		2004						16,716,580

																																		Seven Year
Reduction						4,070,287

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		TOTAL		Total Dollars		Dollars per kWh

		1998		1,517,220		1,432,940		1,679,300		1,800,308		1,887,849		1,928,500		2,052,040		1,833,490		1,947,600		1,620,580		1,406,460		1,680,580		20,786,867		$   1,072,245		$   0.052

		1999		1,500,880		1,511,660		1,390,440		1,486,120		1,517,800		1,806,400		1,968,175		1,937,440		1,586,020		1,426,700		1,535,500		1,404,600		19,071,735		$   1,010,647		$   0.053

		2000		1,386,300		1,459,800		1,386,200		1,455,900		1,536,500		1,827,000		1,709,100		1,769,200		1,565,300		1,402,100		1,495,700		1,381,800		18,374,900		$   1,017,204		$   0.055

		2001		1,467,100		1,347,500		1,361,000		1,453,400		1,616,700		1,589,751		1,711,355		1,859,920		1,588,540		1,366,198		1,545,393		1,283,412		18,190,269		$   1,046,210		$   0.058

		2002		1,584,702		1,359,123		1,342,515		1,482,000		1,425,979		1,653,602		1,861,250		1,709,418		1,658,947		1,396,513		1,405,048		1,546,692		18,425,789		$   1,003,042		$   0.054

		2003		1,477,899		1,397,187		1,336,780		1,376,307		1,483,745		1,560,718		1,775,233		1,784,211		1,469,276		1,267,263		1,494,787		1,340,340		17,763,746		$   1,051,631		$   0.059

		2004		1,350,604		1,238,520		1,433,245		1,375,648		1,410,451		1,526,271		1,667,719		1,428,856		1,447,586		1,303,564		1,205,367		1,328,749		16,716,580		$   870,097		$   0.052

																										Seven Year Reduction		4,070,287



&CPrepared by MGE
March 2004
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Madison Insurance Company
Electricity Use (kWh) Comparison



Bar Graph--kWh

		

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Total

		1998		$77,965		$74,913		$84,810		$80,793		$97,628		$   106,053		$111,588		$97,973		$100,796		$82,979		$74,170		$82,577		$1,072,245

		1999		$77,102		$77,122		$73,723		$79,279		$80,075		$   97,152		$99,428		$101,973		$93,504		$76,426		$79,919		$74,943		$1,010,647

		2000		$75,471		$77,581		$75,837		$79,037		$84,791		$   100,490		$97,229		$99,276		$93,381		$78,627		$80,590		$74,893		$1,017,204

		2001		$79,699		$76,369		$76,901		$82,454		$90,994		$   102,047		$105,729		$110,674		$95,058		$78,359		$70,030		$77,896		$1,046,210

		2002		$80,136		$72,716		$72,235		$80,144		$78,075		$   95,969		$   104,143		$97,801		$   94,140		$74,988		$73,904		$78,790		$1,003,042

		2003		$76,760		$74,175		$77,982		$83,212		$88,675		$   95,659		$   110,538		$110,505		$   92,600		$76,144		$88,752		$76,629		$1,051,631

		2004		$78,818		$62,904		$85,401		$83,929		$83,854		$   100,791		$   108,248		$95,958		$   94,288		$75,906		$68,707		$75,586		$1,014,390





Bar Graph--kWh
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CUNA Mutual Group     
Entire Campus    
Electricity Cost Comparison*



Bar Graph-kW--98 through 04

		

				1998		1999		2000		2001		2002		2003		2004

		Annual kWh		20786867		19071735		18374900		18190269		18425789		17763746		16716580





Bar Graph-kW--98 through 04

		



Annual kWh

Cuna Mutual
Entire Campus
Annual kWh



		

				1998		1999		2000		2001		2002		2003		2004

		Peak kW		4250		4184		4054		3956		3833		3597		3394





		



Peak kW

Year
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Madison Insurance Company:
Evaluate Progress

4.1 million kWh per year
provides electricity for 586 new homes!

Madison Insurance Company
Electricity Use (kWh) Comparison
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Thumbnails, all graphs, 98-2004
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Thumbnails, all graphs, 98-2004

		Jan		Jan		Jan		Jan		Jan		Jan		Jan

		Feb		Feb		Feb		Feb		Feb		Feb		Feb

		Mar		Mar		Mar		Mar		Mar		Mar		Mar

		Apr		Apr		Apr		Apr		Apr		Apr		Apr

		May		May		May		May		May		May		May

		Jun		Jun		Jun		Jun		Jun		Jun		Jun

		Jul		Jul		Jul		Jul		Jul		Jul		Jul

		Aug		Aug		Aug		Aug		Aug		Aug		Aug

		Sep		Sep		Sep		Sep		Sep		Sep		Sep

		Oct		Oct		Oct		Oct		Oct		Oct		Oct

		Nov		Nov		Nov		Nov		Nov		Nov		Nov

		Dec		Dec		Dec		Dec		Dec		Dec		Dec



1998

1999

2000

2001

2002

2003

2004

Months

kWh

CUNA Mutual Group     
Entire Campus     
Electricity Use (kWh) Comparison

1517220

1500880

1386300

1467100

1584702

1477899

1350604

1432940

1511660

1459800

1347500

1359123

1397187

1238520

1679300

1390440

1386200

1361000

1342515

1336780

1433245

1800308

1486120

1455900

1453400

1482000

1376307

1375648

1887849

1517800

1536500

1616700

1425979

1483745

1410451

1928500

1806400

1827000

1589751

1653602

1560718

1526271

2052040

1968175

1709100

1711355

1861250

1775233

1667719

1833490

1937440

1769200

1859920

1709418

1784211

1428856

1947600

1586020

1565300

1588540

1658947

1469276

1447586

1620580

1426700

1402100

1366198

1396513

1267263

1303564

1406460

1535500

1495700

1545393

1405048

1494787

1205367

1680580

1404600

1381800

1283412

1546692

1340340



all building-kw compare98-04
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*Oct 99 - Current:  Reflects Coincident kW
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CUNA Mutual Group    
 Entire Campus     
Demand (kW) Comparison*
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all buildings--kWh graph-98-04

		

																																						Peak
kW

																																1998						4,250

																																1999						4,184

																																2000						4,054

																																2001						3,956

																																2002						3,833

																																2003						3,597

																																2004						3,394

																																Seven Year
Reduction						856

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec

		1998		3364		3351		3719		3743		4105		4231		4250		4031		3945		3751		3480		3290

		1999		3306		3224		3207		3968		3778		3953		4184		4082		4024		3302		3333		3109

		2000		3132		3085		3171		3359		3970		3792		3927		3974		4054		3644		3473		3073

		2001		3035		3001		3020		3495		3779		3858		3853		3956		3535		3362		3350		2926

		2002		2973		3101		2932		3464		3555		3645		3833		3727		3734		3469		2896		2890

		2003		2852		2855		2847		3317		3299		3597		3519		3589		3374		3179		3602		2755

		2004		2725		2742		2817		2964		3223		3372		3394		3293		3047		2789		2588		2514

		1998		1999		2000		2001		2002		2003		2004

		4250		4184		4054		3956		3833		3597		3394



Rates increase over 4% a year -- CMG reducing or keeping costs flat.
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all buildings--kWh graph-98-04
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all buildings-cost graph-98-04 

		

																																								TOTAL
kWh

																																		1998						21,116,867

																																		1999						19,071,735

																																		2000						18,374,900

																																		2001						18,120,269

																																		2002						18,375,789

																																		2003						17,523,746

																																		2004						16,716,580

																																		Seven Year
Reduction						4,400,287

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		TOTAL		Total Dollars		Dollars per kWh

		1998		1,517,220		1,432,940		1,679,300		1,800,308		1,887,849		1,928,500		2,052,040		1,983,490		1,947,600		1,620,580		1,586,460		1,680,580		21,116,867		$   1,072,245		$   0.051

		1999		1,500,880		1,511,660		1,390,440		1,486,120		1,517,800		1,806,400		1,968,175		1,937,440		1,586,020		1,426,700		1,535,500		1,404,600		19,071,735		$   1,010,647		$   0.053

		2000		1,386,300		1,459,800		1,386,200		1,455,900		1,536,500		1,827,000		1,709,100		1,769,200		1,565,300		1,402,100		1,495,700		1,381,800		18,374,900		$   1,017,204		$   0.055

		2001		1,467,100		1,347,500		1,361,000		1,453,400		1,616,700		1,589,751		1,711,355		1,859,920		1,588,540		1,366,198		1,475,393		1,283,412		18,120,269		$   1,046,210		$   0.058

		2002		1,584,702		1,359,123		1,342,515		1,482,000		1,425,979		1,653,602		1,861,250		1,709,418		1,658,947		1,396,513		1,355,048		1,546,692		18,375,789		$   1,003,042		$   0.055

		2003		1,477,899		1,397,187		1,336,780		1,376,307		1,483,745		1,560,718		1,775,233		1,784,211		1,469,276		1,267,263		1,254,787		1,340,340		17,523,746		$   1,051,631		$   0.060

		2004		1,350,604		1,238,520		1,433,245		1,375,648		1,410,451		1,526,271		1,667,719		1,428,856		1,447,586		1,303,564		1,205,367		1,328,749		16,716,580		$   870,097		$   0.052

																										Seven Year Reduction		4,400,287



&CPrepared by MGE
March 2004
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1998

1999

2000

2001

2002
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2004

Months

kWh

Madison Insurance Company
Electricity Use (kWh) Comparison



Bar Graph--kWh

		

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Total

		1998		$77,965		$74,913		$84,810		$80,793		$97,628		$   106,053		$111,588		$97,973		$100,796		$82,979		$74,170		$82,577		$1,072,245

		1999		$77,102		$77,122		$73,723		$79,279		$80,075		$   97,152		$99,428		$101,973		$93,504		$76,426		$79,919		$74,943		$1,010,647

		2000		$75,471		$77,581		$75,837		$79,037		$84,791		$   100,490		$97,229		$99,276		$93,381		$78,627		$80,590		$74,893		$1,017,204

		2001		$79,699		$76,369		$76,901		$82,454		$90,994		$   102,047		$105,729		$110,674		$95,058		$78,359		$70,030		$77,896		$1,046,210

		2002		$80,136		$72,716		$72,235		$80,144		$78,075		$   95,969		$   104,143		$97,801		$   94,140		$74,988		$73,904		$78,790		$1,003,042

		2003		$76,760		$74,175		$77,982		$83,212		$88,675		$   95,659		$   110,538		$110,505		$   92,600		$76,144		$88,752		$76,629		$1,051,631

		2004		$78,818		$62,904		$85,401		$83,929		$83,854		$   100,791		$   108,248		$95,958		$   94,288		$75,906		$68,707		$75,586		$1,014,390
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CUNA Mutual Group     
Entire Campus    
Electricity Cost Comparison*



Bar Graph-kW--98 through 04

		

				1998		1999		2000		2001		2002		2003		2004

		Annual kWh		20786867		19071735		18374900		18190269		18425789		17763746		16716580





Bar Graph-kW--98 through 04

		



Annual kWh

Cuna Mutual
Entire Campus
Annual kWh



		

				1998		1999		2000		2001		2002		2003		2004

		Peak kW		4250		4184		4054		3956		3833		3597		3394





		



Peak kW

Year

Peak kW (Demand)

Annual Peak Demand
Cuna Mutual Group
Entire Campus




Thumbnails, all graphs, 98-2004
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Thumbnails, all graphs, 98-2004
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CUNA Mutual Group     
Entire Campus     
Electricity Use (kWh) Comparison
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all building-kw compare98-04
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*Oct 99 - Current:  Reflects Coincident kW
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CUNA Mutual Group    
 Entire Campus     
Demand (kW) Comparison*
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all buildings--kWh graph-98-04

		

																																						Peak
kW

																																1998						4,250

																																1999						4,184

																																2000						4,054

																																2001						3,956

																																2002						3,833

																																2003						3,597

																																2004						3,394

																																Seven Year
Reduction						856

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec

		1998		3364		3351		3719		3743		4105		4231		4250		4031		3945		3751		3480		3290

		1999		3306		3224		3207		3968		3778		3953		4184		4082		4024		3302		3333		3109

		2000		3132		3085		3171		3359		3970		3792		3927		3974		4054		3644		3473		3073

		2001		3035		3001		3020		3495		3779		3858		3853		3956		3535		3362		3350		2926

		2002		2973		3101		2932		3464		3555		3645		3833		3727		3734		3469		2896		2890

		2003		2852		2855		2847		3317		3299		3597		3519		3589		3374		3179		3602		2755

		2004		2725		2742		2817		2964		3223		3372		3394		3293		3047		2789		2588		2514

		1998		1999		2000		2001		2002		2003		2004

		4250		4184		4054		3956		3833		3597		3394



Rates increase over 4% a year -- CMG reducing or keeping costs flat.
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CUNA Mutual Group     
Entire Campus    
Electricity Cost Comparison*
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all buildings-cost graph-98-04 

		

																																								TOTAL
kWh

																																		1998						20,786,867

																																		1999						19,071,735

																																		2000						18,374,900

																																		2001						18,190,269

																																		2002						18,425,789

																																		2003						17,763,746

																																		2004						16,716,580

																																		Seven Year
Reduction						4,070,287

																																		20% Reduction

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		TOTAL		Total Dollars		Dollars per kWh

		1998		1,517,220		1,432,940		1,679,300		1,800,308		1,887,849		1,928,500		2,052,040		1,983,490		1,947,600		1,620,580		1,586,460		1,680,580		21,116,867		$   1,072,245		$   0.051

		1999		1,500,880		1,511,660		1,390,440		1,486,120		1,517,800		1,806,400		1,968,175		1,937,440		1,586,020		1,426,700		1,535,500		1,404,600		19,071,735		$   1,010,647		$   0.053

		2000		1,386,300		1,459,800		1,386,200		1,455,900		1,536,500		1,827,000		1,709,100		1,769,200		1,565,300		1,402,100		1,495,700		1,381,800		18,374,900		$   1,017,204		$   0.055

		2001		1,467,100		1,347,500		1,361,000		1,453,400		1,616,700		1,589,751		1,711,355		1,859,920		1,588,540		1,366,198		1,475,393		1,283,412		18,120,269		$   1,046,210		$   0.058

		2002		1,584,702		1,359,123		1,342,515		1,482,000		1,425,979		1,653,602		1,861,250		1,709,418		1,658,947		1,396,513		1,355,048		1,546,692		18,375,789		$   1,003,042		$   0.055

		2003		1,477,899		1,397,187		1,336,780		1,376,307		1,483,745		1,560,718		1,775,233		1,784,211		1,469,276		1,267,263		1,254,787		1,340,340		17,523,746		$   1,051,631		$   0.060

		2004		1,350,604		1,238,520		1,433,245		1,375,648		1,410,451		1,526,271		1,667,719		1,428,856		1,447,586		1,303,564		1,205,367		1,328,749		16,716,580		$   870,097		$   0.052

																										Seven Year Reduction		4,400,287



&CPrepared by MGE
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Electricity Use (kWh) Comparison



Bar Graph--kWh

		

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Total

		1998		$77,965		$74,913		$84,810		$80,793		$97,628		$   106,053		$111,588		$97,973		$100,796		$82,979		$74,170		$82,577		$1,072,245

		1999		$77,102		$77,122		$73,723		$79,279		$80,075		$   97,152		$99,428		$101,973		$93,504		$76,426		$79,919		$74,943		$1,010,647

		2000		$75,471		$77,581		$75,837		$79,037		$84,791		$   100,490		$97,229		$99,276		$93,381		$78,627		$80,590		$74,893		$1,017,204

		2001		$79,699		$76,369		$76,901		$82,454		$90,994		$   102,047		$105,729		$110,674		$95,058		$78,359		$70,030		$77,896		$1,046,210

		2002		$80,136		$72,716		$72,235		$80,144		$78,075		$   95,969		$   104,143		$97,801		$   94,140		$74,988		$73,904		$78,790		$1,003,042

		2003		$76,760		$74,175		$77,982		$83,212		$88,675		$   95,659		$   110,538		$110,505		$   92,600		$76,144		$88,752		$76,629		$1,051,631

		2004		$78,818		$62,904		$85,401		$83,929		$83,854		$   100,791		$   108,248		$95,958		$   94,288		$75,906		$68,707		$75,586		$1,014,390
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Bar Graph-kW--98 through 04

		

				1998		1999		2000		2001		2002		2003		2004

		Annual kWh		20786867		19071735		18374900		18190269		18425789		17763746		16716580
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Cuna Mutual
Entire Campus
Annual kWh



		

				1998		1999		2000		2001		2002		2003		2004

		Peak kW		4250		4184		4054		3956		3833		3597		3394





		



Peak kW

Year

Peak kW (Demand)

Annual Peak Demand
Cuna Mutual Group
Entire Campus





Madison Insurance Company
 Operations changes: matched energy use 

to occupancy and needs
 Reduced fan energy
 Reduced pump energy
 Reduced lighting energy

 Capital upgrade: lighting retrofit

Evaluating Progress

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Assessing  Performance and Setting Goals

GSA Energy Management Program: 
The Rest of the Story

U.S. courthouse
Jacksonville, Florida
Energy improvements

DOE-ORNL Report

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Assessing  Performance and Setting Goals

2000s New Building Performance

Far less efficient than design intent

EUI (kWh/m²/year) 262 164

ft² (m²) (45,710) (45,710)

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Assessing  Performance and Setting Goals

EEMs Implemented

• VAV minimum settings reduced to 10%

• Boilers turned off in summer

• AHU duct static pressure set points 
reduced from 375 Pa to 175 Pa

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Assessing  Performance and Setting Goals

Results of 
Control Modifications

• Energy Savings: 18.7 trillion Btu/year

• Energy Savings: 5,480.4 GWh

• Cost savings: Over $200,000/year
ENERGY STAR plaque is now in the lobby!

EUI (kWh/m²/year) 262 164 142

ft² (m²) (45,710)

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Downtown Chicago
ENERGY STAR 

Building

Uninsulated concrete,
single-pane glass

Evaluating Progress

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Madison Bank
Evaluating Progress

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Annual Profile of Monthly Peaks, kW

Chillers add 500 kW in summer

Evaluating Progress

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Annual Profile of Monthly kWh

Fans waste energy in winter!

Evaluating Progress

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Evaluate Progress Three Years Later

Energy management did not work !

Evaluating Progress

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Explanation of No Progress 
at Madison Bank

 The high electrical energy use in colder 
months results from decision to maintain fans 
on 24/7:
 No commitment to improve energy use
 No accountability 

Therefore, no change

Evaluating Progress

© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 
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But Things Have Changed!

17 day bill period

August 2010: New tenants include 1,020 m2 restaurant

Evaluating Progress
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U.S. Bank Gas Utility Analysis

Year Gas Usage,
therms Gas Cost, $ Gas Rate,

$/therm

2002 172,220
(18,169210 MJ)

$87,236 $0.51
($0.005)

2011 101,556
(10,714,158 MJ)

$70,713 $0.70
($0.0065)

Reduction 70,664 (41%)
(7,455,052 MJ)

$16,523  (19%) +$0.19

Evaluating Progress
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Evaluating Progress
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US Bank Electric Utility Analysis

Year Electric Usage,
kWh

Electric Cost,
$

Electric 
Rate,
$/kWh

2002 8,181,296 $523,405 $0.064

2011 4,282,613 $489,521 $0.114

Reduction 3,898,683 (48%) $33,884 (6.5%) +$0.05

Evaluating Progress
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US Bank Electric Demand 
Analysis

Year
Max Electric 
Demand,
kW

Min Electric 
Demand, 
kW

2002 1979 1430

2011 1433 724

Reduction 546 706

Evaluating Progress
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Evaluating Progress
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US Bank Asset Value Example
Using a 7.6% cap rate

• 2002 costs minus 2011 costs 
Total Savings = $50,407

• $50,407 ÷ 0.076 (cap rate) = 
$663,250 increased asset value

• Rates have increased in 9 years

• Using 2011 rates for both 2002 and 2011 consumption
Total Savings = $493,915

• $493,915 ÷ 0.076 (cap rate) = 
$6,498,882 increased asset value

Evaluating Progress

256
© 2020 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission. 



Results of Pilot Project at 
Waukesha Memorial Hospital

• Collected 2005 utility information
o 30-minute electric
o Daily natural gas consumption

• Plotted daily consumption versus outdoor 
air temperature
o Established a model of building with weather 

normalized
o Weekend usage slightly different than 

weekday usage

Evaluating Progress
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Daily Data: Results of Pilot Project
at Waukesha Memorial Hospital

• $90,000 annual savings in natural gas use

• Adjustments to steam pressure and fine-
tuning of burners on boilers—no capital!

• Data provided clues to changes in operations

Evaluating Progress
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OA Temp < 48°F
Y=54,578

OA Temp > 48°F
Y=998.16*X + 6,667

Excel® can give these kind of formulas, if you 
have a bit of knowledge!

Evaluating Progress
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Discretionary Operations 
Changes to Improve Gas Use

• Lowered steam pressure, in steps
– Starting pressure was ~827 kPa
– Tested reductions in steps of 69 kPa
– Settled on new level: ~621 kPa

• Fine-tuned burners

Evaluating Progress
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7% Savings in 12 Months: $89K and 530 Tons CO2

Evaluating Progress
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Extra Benefit: An Energy 
Management Breakthrough

Evaluating Progress
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Applying the Process
Aurora Health Care—2009
 17 facilities
 650,320 m2

 Each facility joined the Portfolio Manager® system
 President of Aurora Healthcare signed an ENERGY STAR 

commitment to reduce energy 12% in three years  
 Each facility utilizes the spreadsheet and records energy 

consumption daily
 Monthly summaries distributed to all
 Monthly energy initiative meeting to share successful ideas

Evaluating Progress
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Aurora Sinai Medical Center
Daily Utility Tracking Spreadsheet

Evaluating Progress 
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Aurora Sinai Medical Center
2009 Utility Summary

Energy Savings:
• 19% reduction in steam usage
• 6% reduction in electrical usage

Evaluating Progress
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Aurora Health Care 2009–2012 Utility Summary

Savings:
• 14.8% reduction in energy usage
• 92,509 tons reduction in CO2 emissions

NEW

Evaluating Progress
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Aurora Health Care 2009–2011
 14.1% reduction in energy consumption
 142.6 million pound (64,669 metric tons) reduction in CO2

 Three facilities achieved ENERGY STAR

Evaluating Progress 
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Evaluating Progress 

Additional Energy
Management Breakthroughs
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BREAK!
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Source: Corporate Realty, Design & Management Institute.

Evaluating Progress 
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Aurora Health Care Equivalent 
Revenue (Using a 4% Margin)

• 2009–2012 Total Energy Savings (weather-normalized)  

Total Savings = $8,665,000

• $8,665,000 ÷ 0.04 (margin) = 

$216,625,000 equivalent revenue

• $216,625,000 ÷ 4 years =

$54,156,250 Equivalent Revenue per Year

Evaluating Progress 
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Energy Management Strategies Taken
 Chiller operations  
 HW reset schedules  
 Run schedules (occupied/unoccupied, day/night, 

summer/winter) 
 DA temperature reset schedules
 Steam pressures 
 Installation of variable-speed drives
 Steam trap survey
 Shutting off air handling units in unoccupied areas
 Maintaining modified space temperatures
 Promoting the energy message at department meetings

Evaluating Progress 
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Outdoor Air Temperature Data Sources

Sources Barriers to Use
Outdoor air sensors—BAS Extracting data; maintenance of 

sensors; data quality

Stand-alone temperature sensors Extracting data; maintenance of 
sensors; data quality

NOAA data (public domain)

https://gis.ncdc.noaa.gov/maps/ncei#app=cdo

No cost for simple searches; 
cumbersome to access multiple 
locations

Weather data services Fee for access to comprehensive 
database

Weather Underground
https://www.wunderground.com/history/

No cost for searches; long time 
periods require multiple searches

Evaluating Progress
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Exercise 10: Weather 
Normalization

Evaluating Progress

Exercise includes short tutorial on generating graph and equation using Excel®

Page 31
in the 
exercises
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Energy Management: 
Accountability Revisited
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Accountability

A person is 
accountable; 
a department 
or building 
can’t be!

Accountability : Key to Energy Management
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Lowell Hall Facility—
What’s Missing?

Accountability : Key to Energy Management
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Facility Upgrades
Change When

Efficient central water chiller Summer 1995
Lighting upgrade (T8, elec ballasts) Spring 1996
Cooling tower replacement Spring 2000
Building automation controls Spring 2000
Heating water pumps modification to 
AHU

Summer 2003

Remodel of lobby, HVAC upgrade Summer 2006

Accountability : Key to Energy Management
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Lowell Hall Energy Performance
Accountability : Key to Energy Management
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History Matches Portfolio Manager
Accountability : Key to Energy Management
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Lowell Hall—Gas Usage
Accountability : Key to Energy Management
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Accountability : Key to Energy Management
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Lowell Hall Evaluation
Score on our

Energy Management 
checklist:

1 YES    14 NO 
No Bonus Points

Accountability : Key to Energy Management
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Energy Management at
Monona Terrace Convention Center

Jeff Griffith
Building Maintenance Supervisor

• Action plan
• Monitoring
• Benchmarking
• Accountability

Accountability : Key to Energy Management
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Action Plan
• Initial commissioning by staff

• No compromise in customer comfort

• Eliminate simultaneous heating and cooling

• Adapt operation to daily schedule

• Eliminate energy use in unoccupied spaces

• Regular reminders to entire staff

Accountability : Key to Energy Management
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Regular Monitoring

• Weekly energy review by engineering staff

• BAS alarms to pagers
 Demand exceeds 1100 kW
 Chilled water exceeds 50°F

• Personal attention by one engineer on 
peak days

Accountability : Key to Energy Management
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Monitoring—Low Tech Display!
Accountability : Key to Energy Management
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Benchmarking
Accountability : Key to Energy Management
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Accountability
• Jeff—personally accountable to the facility 

manager for facility energy use

• Engineering staff—accountable to Jeff for 
components of energy use

• Entire staff maintains an energy-conscious 
culture

• Weekly staff review of energy use

Accountability : Key to Energy Management
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Monona Terrace Evaluation

18 YES (including 5 
Bonus items on 
monitoring)
2  NO

Accountability : Key to Energy Management
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Monona Terrace
LEED EB Gold Certification
• Significant energy savings 
• Nontoxic cleaning products
• Use of clean energy
• High recycling rates

Accountability : Key to Energy Management
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Dubai Chamber Example
LEED EB Recertification

Assessing  Performance and Setting Goals

Project Information
Building: Dubai Chamber
Contract Type: LEED v4 recertification EBOM
Total Area: 20,000 m²
Conditioned Area: 16,457 m²
Project Summary
Dubai Chamber, 1st LEED EBOM in the region, is a
leading example for CSR focusing its efforts on
green building and sustainability. The Dubai
Chamber reduced potable water use by 69%,
energy use of HVAC by further more than 25%, the
need for a cooling tower by using outdoor water
fountain as a Hx to cool server room, etc.
Results
ENERGY STAR label rating of 91
Consumes less energy than 91% of similar
buildings in the US (with normalization)
LEED Platinum certification 293
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Exercise 11: Plans for Next Week
Accountability : Key to Energy Management

Page 37
in the 
exercises
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Poll: What Will You Do Next Week?

• Collect 24 months of utility bills? 

• Use Portfolio Manager?
• Review EUI and rating

• Test one discretionary action?

• Go through energy management checklists?

• Or something else?

Accountability : Key to Energy Management
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Recap and Send-off
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www.energystar.gov 

This is the cycle we 
have used to guide 

our discussion.
It’s time to 
summarize.

Recap: The Management Content 
of Energy Management

Recap and Send-off
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Recap: Assess Performance

Don’t start with audits!

Recap and Send-off
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Recap: Assess Performance
Monitor 
 Know what 

performance actually is

 Different time scales
 Year
 Month
 Day
 Hour or shorter

Benchmark
 Know how performance 

compares 

 Relevant references
 Self reference (history)
 Similar buildings
 Local utility examples
 ENERGY STAR, etc.

Recap and Send-off
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Recap: Why Assess Performance?

To see striking patterns and big differences
 Time-based performance
 Winter versus summer
 Weekday versus weekend
 Day versus night

One building versus other buildings’ performance

Predicted versus actual performance

Recap and Send-off
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Recap: Create Action Plan
Questions to guide you:
 Where are there big 

differences?
 What could cause the 

differences?
 What can you adjust?

Ingredients of your plan:
 Choose something to 

adjust 
 Monitor performance 

before and after
 Identify limits and barriers
 Repeat

Recap and Send-off
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Recap: Evaluate Progress
How?
 Look at energy use 

over time
 Do adjustments sync 

with improved energy 
use?

Why?
 Prove that adjustments 

improve energy use
 To guide your next 

actions

Recap and Send-off
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Recap: Accountability
Who is accountable to
 Assess energy performance?
 Create and carry out action plans to improve 

performance?
 Evaluate progress?
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Recap: When are You Really Ready for 
Audits and Retrocommissioning?

 When you have a monitoring and 
benchmarking system in place

 When you have adjusted everything you can 
think of to improve energy performance
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And Now the Send-Off…

Recap and Send-off
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Re-cap and Send-Off

Energy Management is the Quickest, Cheapest, 
Cleanest Way to Extend World Energy Supplies

Energy management can provide nearly two times 
the environmental impact of renewable energy!
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33% Energy Savings Are 
Possible in Existing Buildings

• Some from smarter use of what you have right now

• Some from capital upgrades

Re-cap and Send-Off
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Sustained Energy Savings 
Require Management Actions

• An individual must be accountable

• Team-oriented atmosphere

• Use of data to guide actions

Re-cap and Send-off
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Remember to Monitor!
Re-cap and Send-off
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Supplementary 
Information

Resources for Your Energy Management Work
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References
Text and online references are listed in the 
References supplement
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Link to ASHRAE Bookstore
http://www.techstreet.com/ashrae

Check out the resources mentioned                
in this seminar and more at                        

the online ASHRAE Bookstore! 
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Evaluation and Certificate
 ASHRAE values your comments about this course. You will 

receive a separate email from ALI-Education 
(edu@ashrae.org) allowing access to the course 
evaluation. Once you complete the survey, you will be 
directed to download/print the Certificate of Attendance. 
Please be sure to check your spam/junk folder if it appears 
that you have not received the ALI-Education email.   
Please direct any questions concerning certificates or the 
survey to:  globaltrainingcenter@ashrae.org. 

 A copy of the presentation and access to supplemental files 
are available at the following URL: 
www.ashrae.org/2020GTCenergymanagement9nov

 If you have any questions about ASHRAE courses, please 
contact Ayah Said at asaid@ashrae.org.
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Explore ASHRAE Learning Institute Courses

https://www.ashrae.org/instructor-led-courses

Find a Topic that Fits You:
 Commissioning
 Energy Efficiency
 Environmental Quality
 HVAC&R Applications
 Standards and Guidelines

See all the ways to learn and grow with ASHRAE at:
 https://www.ashrae.org/professional-development/learning-portal

 https://www.ashrae.org/professional-development/all-instructor-led-
training/global-training-center
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ASHRAE Professional Certification
Visit www.ashrae.org/certification to learn more:
More than 3,000 certifications earned to-date
Elevate your reputation among peers, in the workplace and

among clients
NEW! Digital Badging:

Embedded metadata uniquely linked to you.
Shareable in electronic media, including LinkedIn and

email.
 Instant recognition, with real-time, third-part verification.
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