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Module 1

Understanding Your Building Assets and Investment Needs



Learning Objectives

Energy conservation measures (ECMs)
Energy efficiency (EE) end uses

1. Terminology

How do EE projects differ from other capital projects?
When is the best time to implement an EE project?
What factors might impact EE project implementation?

2. When and Why

What are the typical elements of an EE project?

How can you identify energy-saving opportunities in
your building and portfolio?

3. What to Include

|
|
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Terminology

“Energy Conservation Measures”

n “ECMS”
= “Measures”

Definition:
Building upgrades impacting total energy usage
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Common Items in an Energy Efficiency Project Scope

Controls Plug Loads Building Shell*

* (e.g., windows, insulation, air sealing)
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Energy Conservation Measures in the MUSH*, Federal,
and Private Sector

lighting retrofit

energy managemenl systems

controls/motion sensors

1“

vanabie speed drives
commissioning
newlreplacement boilers
air handling units

water conservation
ballasts

lamps

airflow control

equipment scheduling controls

B musH
- Federal
. Private

insulation/weather proofing

exit signs

il

newireplacement chillers

0% 20% 40% 60%
Percent of projects that installed various measure types
* Municipalities, Universities, Schools, and Hospitals Source: LBNL/NAESCO project database
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https://emp.lbl.gov/publications/understanding-recent-market-trends-us

Retrocommissioning
(A Different Type of Energy-Saving Project)

Retrocommissioning Process Overview

= Analyzing and optimizing building ( i, DT Em
operations . ss;m«z objectives and obtain

= Adding and adjusting controls + Select a commissioning lead

= Maintaining HVAC and other equipment s | — T

« Perform an initial site walk-through
+ Develop the Retrocommissioning Plan
« Assemble the retrocommissioning team

EMED Ay | Eneroy Efficiency & L« Hold a project kick-off meeting
ENERGY Renewable Energy

« Review facility documentation

« Perform diagnostic monitoring

« Perform functional tests

« Perform simple repairs

« Develop Master List of Findings

« Prioritize and select operational
improvements

« Develop implementation Plan

o _iw . « Implement selected operational
Retrocommissioning and the DOE’s State and Local improvements
Public Sector Technical Assistance L« Verify results

Program

« Develop Final Report

« Compile a Systems Monual

« Develop Recommissioning Plan

« Provide training

« Hold close-out meeting

+ Implement persistence strategies

July 18, 2013

1 | Energy Efficiency and Renewable Energy eere.energy.gov

Source: U.S. Department of Energy, “Retrocommissioning and the Public Sector”

Source: Lawrence Berkely National Lab, “Building Commissioning”

=
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https://cx.lbl.gov/definition.html
https://www.energy.gov/sites/prod/files/2014/05/f15/retrocommissioning_public_sector.pdf

Non-Energy Upgrades

o EE projects may also require non-energy upgrades (e.g., asbestos
remediation)

o Challenge: can add complexity and cost; may be ineligible for discounted energy-related
financing

o Opportunity: may provide motivation for energy-related upgrades; some energy financing
products allow a portion of the capital to be used for non-energy upgrades, especially to
address health and safety issues

2021 International Energy Conservation Code (IECC)
CHAPTER 5 [CE] EXISTING BUILDINGS

C501.3 Maintenance.

Buildings and structures, and parts thereof, shall be maintained in a safe and sanitary condition. Devices
and systems required by this code shall be maintained in conformance to the code edition under which they
were installed. The owner or the owner’s authorized agent shall be responsible for the maintenance of
buildings and structures. The requirements of this chapter shall not provide the basis for removal or
abrogation of energy conservation, fire protection and safety systems and devices in existing structures.

Source: International Code Council, 2021 International Energy Conservation Code (IECC)
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https://cx.lbl.gov/definition.html

Energy Efficiency Projects: When and Why

Reactive Project Motivations:

End of useful life
Equipment failure

Savings from more efficient measure than standard baseline
replacement measure
| « Alternatively, savings from standard baseline measure

compared with repairing old equipment to extend beyond
expected useful life

Proactive Project Motivations:

High efficiency gains/high returns compared to existing
equipment

Low replacement/installation costs for new equipment
High repair costs for existing equipment

Improved non-energy benefits (comfort, air quality, health and
safety, etc.)

Reduced maintenance
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Identifying EE Investment Needs

Professional Energy Audit™

- Use qualified third-party professionals
- Identify energy and cost-saving potential
- Follow standard industry protocols

https://www.ashrae.org/technical-
resources/bookstore/procedures-for-
commercial-building-energy-audits

In-House Audit

- Self-ldentify EE upgrade opportunities
- See EPA Treasure Hunt

https://www.energystar.gov/industrial pla
nts/treasure hunt

Energy Benchmarking

- Compare usage to other buildings
- See ENERGY STAR Portfolio Manager

https://portfoliomanager.energystar.qov

R
|
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https://www.ashrae.org/technical-resources/bookstore/procedures-for-commercial-building-energy-audits
https://www.ashrae.org/technical-resources/bookstore/procedures-for-commercial-building-energy-audits
https://www.ashrae.org/technical-resources/bookstore/procedures-for-commercial-building-energy-audits
https://www.energystar.gov/industrial_plants/treasure_hunt
https://www.energystar.gov/industrial_plants/treasure_hunt
https://portfoliomanager.energystar.gov/
https://www1.nyc.gov/site/dcas/agencies/building-energy-performance-management.page

What is different about EE vs. other capital projects?

Financing EE can potentially have a positive budgetary impact if savings exceed financing costs

A

g Business as usual budget

Savings

Utility Costs

Utility, O&M Budget ($)

Time (yrs)

< Financing Term >

Source: U.S. Department of Eneray, “Energy Savings Performance Contracting: A Primer for K-12 Schools”
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https://www.energy.gov/sites/default/files/2016/05/f31/K-12-ESPC-Primer_April2016.pdf

Contextual Factors Can Influence
Whether and When to Move Forward with EE Projects

* Primary usage * Proactive vs.  Building age
of building reactive .+ Building
« Safety issues e Timing of condition and
. : grants and level of
%)nas (’;;uocr’glon other funding deferred
P opportunities maintenance

usage

|
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Examples of Energy Efficiency Projects
In Public Buildings



Example: Lighting and Retrocommissioning
Columbia, MO Health and Human Services Building

Energy
Conservation

Measures:

- Retro-
commissioning of

HVAC systems
- Lighting fixtures
- Daylighting

Benefits:

- Reduced

Energy-efficient fixtures in office area Entryway lights off due to daylightin
energy usage qy ryway lig ylighting
and cost ANNUAL ENERGY USE ANNUAL ENERGY COST

(Source EUI)
—Improved Baseline (2010)
Baseline (2010) I - oo

comfort -
186 kBu/sq. fi. Actual (2013)
- Reduced Actual (2013) . e
I [
frequency of | $15,000

Lelillife ENERGY SAVINGS:
maintenance $1 5,000

33%
Source: U.S. Department of Energy, Better Buildings Solution Center
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https://betterbuildingssolutioncenter.energy.gov/showcase-projects/city-columbia-sanford-kimpton-building

Example: Lighting and Integrated Controls
Washington State Department of Commerce

Energy
Conservation

Measures:
- LED fixtures

- Occupancy
sensors

- Integrated
lighting and

HVAC controls
Benefits:

- Reduced energy
usage and cost

- Comfort
(temperature
controls; lighting
quality controls)

BY THE NUMBERS:

e 2,000 LED fixtures were installed
along with the Enlighted system

Pacific Tower is seeing 80%
energy savings compared to
the previous system

The building’s lighting energy use
is 27% better than Seattle’s
already progressive energy code

The Enlighted lighting controls system was the ideal choice for
building system integration and lighting flexibility.

Pacific Tower, Seattle, Wash.

Source: Northwest Energy Efficiency Alliance (NEEA), “Better Bricks”
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https://betterbricks.com/uploads/resources/LLLC-Case_Study-Pacific_Tower.pdf

Example: Efficiency’s Impact on Energy System Costs
Hospital in Nashville, TN

Ener Hospitals are high-priority sites for ensuring a resilient power source is available during an outage. In this example, a hospital would
c reduce its investment cost by nearly $2 million by pursuing energy efficiency measures to achieve 20% energy savings before sizing
Conservation
AN IS VeI its microgrid to run critical loads during a 48-hour grid outage.
Measures:
. | - Electricity Use Solar Generation Battery Storage System Cost1s
- Mix of measures ' = Scenario Capacity Capacity
reducing annual ! Baseline Annual 4,065 kW 6,944 kWh $9,308,000
electric usage by | Uspge:
.9 million
) 00/ L 8.9 million kWh
(o]
, 20% Energy 3,252 kW 5,555 kWh $7,446,000
Arbmc L Savings:
BLefltS' 7.1 million kWh

- Cost savings on Graphic source (with additional examples)

electric usage

- Cost savings on
sizing of backup
microgrid Reduce annual
electric usage and

cost

Install energy Reduce sizing and

system cost for

efficiency measures backup microgrid
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https://www.energy.gov/sites/default/files/2019/08/f65/EE-Distributed-Generation-Resiliencev2.pdf

More Examples: Better Buildings Solution Center

Better
¢ Buildings

U.5. DEPARTMENT OF ENERGY

SOLUTIONS

¥ PROGRAMS & PARTNERS ~

EVENTS & WEBINARS -

EXPLORE BY TOFIC v BROWSE SOLUTION TYPES ¥ FINANCING DECARBONIZATION

Refine your search by keyword, or filter to find solutions by topics

Back to Solution Search

CURRENT SEARCH 521 RESULTS

SEARCH

Clear All Filters

Cleveland, OH Partner Profile, Energy Data
Partner: Cleveland, OH
Sector: Local Government

View Energy Data Displa;

District of Columbia Partner Profile, Energy Data
Partner: District of Columbia
Sector: Local Government

View Energy Data Displa

El Paso, TX Partner Profile, Energy Data
Partner: El Paso, TX
Sector: Local Government

View Energy Data Displa

RESILIENCE RENEWABLES

FILTER RESULTS BY:
» BARRIER

» BUILDING SIZE

» BUILDING TYPE
» PARTNER

» LOCATION

» PROGRAM

» SOLUTION TYPE
¥ SECTOR

[] Commercial {1021}

[] Data Center (141)

[ Education (436)

Financial Services (192)

Industrial (823}

Local Government (420

O B/ O

Multifamily (413)

Residential (182)

O

@

VS

[ Utility (100)

» TECHNOLOGY

LEARN MORE

CHP v

v]infi]=]

COVID-19

Source: U.S. Department of Energy, Better Buildings Solution Center
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https://betterbuildingssolutioncenter.energy.gov/search-more?f%5B0%5D=field_sector%3A31&f%5B1%5D=field_sector%3A39
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Building Energy Assessment Tools



Resources: ENERGY STAR Portfolio Manager

« Compare your
building’s energy
to similar
buildings, past
consumption, or
a reference
performance
level

|dentify
underperforming
buildings to
target for
efficiency
improvements

Share and report
performance

h ENERGY STAR®

=2 PortfolioVlanager

MyPortfollo Sharing

Planning

Reporting  Recognition

Properties (5)

Add a Property

Source EUI Trend

1,000
500

o’.-‘()02 2004 2008 2008 2010 2012

Total GHG Emissions Trend

"00 2004 2006 2008 2010

Notifications (0)

You have no new notifications

My Properties (5)

Filter by: | View All Properties (5)

=]

Craate Group | Manage Groups

: Account Seltings | Contadts | Help | Sign Out
Language: English | Erancais

s G-

Name = Action
Esderal Bulding J | want to.,. [E]
Huber Camous ‘\Iwanttu... B \‘
il 2 | 1 want to... B ‘

In: 2 [ 1 want to... E
Sunnyyide Elementary | 1 want to... B

| »

< pagels . 10[;_1 Viewl-350f5

£ Download Entire Porfolio

If you're 3 pro. you may want to upload and/or update multiple propedies at once using an Excel

spreadsheet. This can be done to create new properties, add use details, create meters and add

meter consumption data

ENERGY TECHNOLOGIES AREA

Source: ENERGY STAR Portfolio Manager
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https://www.energystar.gov/buildings/benchmark

Public Service Property Types in Portfolio Manager

Source: ENERGY STAR Portfolio Manager, “U.S. Property Types, Definitions, and Use Details”
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https://www.energystar.gov/sites/default/files/tools/US_PropertyTypesUseDetails_Definitions_Sept2022.pdf

Resources: BETTER (better.lbl.gov)

Portfolio Analysis

« Compare and rank buildings across
a portfolio according to annual
electricity and fossil EUl and annual
cost savings potential.

« Buildings with high cost savings
potential are good candidates for
audits and further analysis.

« Buildings with high fossil EUl represent
opportunities for electrification and
decarbonization.

Energy Consumption and Savings Summary

M T

Energy Uise Intensity (kKWIVm®)
{ §/asn) Enuaod sbumes

------------- Ty
‘ L P A

B Ancesai Eleciricty EUH (kwh?) [ FossE Fued EUL oA I Savings Potensial (USD ./ § )

Utility Cost & Savings
Breakdowns

= Assess the breakdown of annual utility
costs and potential savings by load type
(e.g., cooling, baseload, and heating).

« Prioritize the highest cost-saving energy
efficiency improvements in a building.

Cost Breakdown (USD / $)

Cost Savings Breakdown (USD / $)

<

Your Building

Typical g [N
ool

SR &
STEFSHSS

. Cocing NN Baselcad [ Hoating ool M Foscload N Voot

Change-Point Models

& Benchmarking i
« Investigate electricity and fossil g o
fuel change-point models. g

2 0.2

« See how model coefficients 2 o
benchmark against peers to g o

further evaluate energy savings.

Source:

A

=4 o

! WE

Electricity Change-point Model

.
=B
{Typical)

Electricity Consumption Benchmarking

Cooling Change-peint - Iam'
(Typical)
Cooling Sensitivity - | [ .
(Typical)

Qutside Alr Temperature (°G) Note: % ingicate the percentage ::_-‘h.--'.'.;f.n;:c your building is superidr fo

B e [ Goscond [ Cocling
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https://better.lbl.gov/

- In-house

identification of
energy savings
opportunities

- Includes general

building
occupants along
with facilities staff
and outside
experts

- Culminates in
presentation to
management and
a plan and
timeline for
implementation

Resources: EPA Treasure Hunt

(oritog Treasure Map For OFFICE BUILDINGS

() Check if vending machines get turned off or put in sleep mode at the NOTES:
end of the day. Consider installing motion/occupancy-based vending
machine contrals.

[ Look for oppartunities to replace older vending machines with new
ENERGY STAR certified vending machines.

HVAC

(] Identify and make plans to address instances of simultaneous heating
and cooling.

(L] Ensure that thermostats and outside air temperature sensors are
properly calibrated/maintained.

[_] Ensure that thermostats are set to appropriate temperatures based on
season and local weather conditions.

(] Confirm implementation of a temperature setback policy for heating/
cooling when the building is unoccupied.

() Perform testing and balancing of air and water systems.

() Ensure that thermostats are properly located to be representative of
the room or zone for which the temperature is being controlled.

Source: ENERGY STAR Treasure Hunt
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https://www.energystar.gov/industrial_plants/treasure_hunt

Resources: “Achieving Energy Savings in Small- and Medium-Sized Public Facilities:

A Strategic Approach to Prioritizing and Financing”

Step 1: Energy Assessments

Purpose: Obtain actionable information.
Understand energy usage patterns
across a portfolio of buildings and
benchmark performance against similar
buildings.

Scope: All buildings and facilities in your

portfolio.

Confidence in Energy Savings: Low
confidence.

Cost: No or low cost supported with staff
and available energy usage data.

Financing Options: Not applicable.

Outcome: A reduced set of buildings
meriting further exploration through an
energy audit.

A strateqic, step-by-step approach to financing building energy upgrades:*

Step 2: Energy Audits

Purpose: Obtain information that

can support a financial investment.
Identify building components with most
opportunity for energy savings.

Scope: Only facilities with the highest
potential for energy savings based on
Step 1 results.

Confidence in Energy Savings: Medium
confidence based on results of energy
assessments (Step 1).

Cost: Low to high cost depending on the
scope of the energy audit.

Financing Options: ESPCs, Utility- and
State-Supported Programs, Internal
Funding.

Outcome: A specific set of energy
conservation measures and projected
energy savings.

Step 3: Building Upgrades

Purpose: Execute building upgrades to
capture energy savings, improve comfort,
etc.

Scope: Targeted buildings and building
components based on Step 2 results
(i.e., audit).

Confidence in Energy Savings: High
confidence based on results of energy
audits (Step 2).

Cost: Higher costs that vary depending
on project scope, technology, etc.

Financing Options: Internal Funding,
Leases, Loans, ESPCs, Bonds, ESAs.

Outcome: Energy and cost savings,
improved building performance and
comfort.

*Note—ESPC: Energy Savings Performance Contract; ESA: Energy Service Agreement

Source:
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https://www.energy.gov/sites/default/files/2021-05/Achieving-Energy-Savings-Small-and-Med-Public%20Facilities.pdf

Additional Resources

Database of State Incentives for Renewables and Efficiency (DSIRE)

Energy Data Management Guide

Building Energy Asset Score

A Guide to Energy Audits



https://www.dsireusa.org/
https://www.eere.energy.gov/energydataguide
https://www.energy.gov/eere/buildings/building-energy-asset-score
https://www.pnnl.gov/publications/guide-energy-audits
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Questions?
stateandlocal@hg.doe.qov
gleventis@lbl.gov
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Disclaimer

This document was prepared as an account of work sponsored by the United States Government. While this document is believed
to contain correct information, neither the United States Government nor any agency thereof, nor The Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or assumes any legal responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by its trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof, or The Regents of the University of California. The views and

opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency
thereof, or The Regents of the University of California.

Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer.

Copyright Notice

This manuscript has been authored by an author at Lawrence Berkeley National Laboratory under Contract No. DE-ACO02-
05CH11231 with the U.S. Department of Energy. The U.S. Govemment retains, and the publisher, by accepting the article for
publication, acknowledges, that the U.S. Government retains a non-exclusive, paid-up, irrevocable, worldwide license to publish or
reproduce the published form of this manuscript, or allow others to do so, for U.S. Government purposes
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Contacts
Greg Leventis: gleventis@lbl.gov, (510) 486-5965

For more information
Download publications from the Electricity Markets & Policy: https://emp.lbl.gov/publications
Sign up for our email list: https://emp.lbl.gov/mailing-list
Follow the Electricity Markets & Policy on Twitter: @BerkeleyLabEMP
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