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technical assistance for the public
sector. Beyond supporting energy
efficiency at wastewater facilities
through the SWIFt initiative, Nina also
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and K-12 school districts.
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Initiative, a resource and funding hub
known as the State and Local Solution
Center, and two data tools — SLOPE
and LEAD.
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the occurrence and treatment of
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Energy Nexus; Big Data Modeling and
Analysis; Climate Sustainability &
Resiliency Planning.

Her work in the diverse areas has
resulted in over 15 peer-reviewed journal
articles, with wide interaction with
municipal water and wastewater utilities.

She also engages with mentoring and

teaching undergraduate and K-12
students.

U.5. DEFARTMENT OF




AGENDA

Energy Efficiency in WWTPs
SWIFt Initiative

Energy Management Systems

Low- to No- cost Energy
Efficiency Measures

Median energy saving
opportunities for WRRFs

Available Tools from DOE
Resources
Future Opportunities

Concluding Remarks

Questions & Discussion

!Ee!.‘ltg_r U.S. DEPARTMENT OF
uildings’ ENERGY



“Sustainability” in Wastewater Industry

SUSTAINABILITY???

WW production expected
to rise 1.5x ‘ ’
2030 * Climate vulnerability

‘ * Setting ESG goals

* Metrics to quantify sustainability and
resiliency

2022 * Reduce Energy & Costs
®

*32.4 TWh electricity
& *S$5.2 billion Annual Electric Costs

e End-of-life Infrastructure
& * Under or Over Capacity
% * Rising Costs



Why Energy Efficiency?

Energy Efficiency?

1% of US Energy Consumption @ /}ﬂ{\

- o= = 55 e

0 ~0
Energy ©
- Largest Controllable Costs Operating Costs  Process Efficiency
- Top 3 O&M Costs Energy Costs

30-40% of Municipal Energy

! Labor Costs
Consumption

Controlled Customer Rates

Reference: US EPA — Energy Efficiency for Water Utilities



https://www.epa.gov/sustainable-water-infrastructure/energy-efficiency-water-utilities

SWIFt: The Sustainable
Wastewater Infrastructure of the
Future Initiative

EEEEEEEEEEEE




DOE’s Sustainable Wastewater Infrastructure of the Future (SWIFt)

SWIFt is engaging with facilities in a voluntarily partnership to achieve 5% short-term and 25% long-term facility-wide energy
savings by implementing next-generation technologies across 4 technology pillars

Energy Energy Resource Advanced Data
Capture Efficiency Recovery Management
Resiliency, onsite generation, Advanced energy efficiency Biosolids recovery Advanced data management,
and renewable energy technologies (e.g.,, ammonia for land application sensing and control for

integration (e.g., combined based aeration control, as fertilizer and optimized energy
heat and power, solar optimized pumping system water recovery performance (e.g., Supervisory
photovoltaic, biogas, heat technologies, and Control and Data Aquisition
recovery, and energy storage) membrane bioreactors) (SCADA) systems and Artificial

Intelligence (Al) techniques)

Session Recordings: https://bptraining.ornl.gov/swift/



https://bptraining.ornl.gov/swift/

Overview of SWIFt

@ Training in data management, @ Average utility energy
EE improvements, advanced savings between 5-25%

technology integration, and

project financing

154 signatory partners Participating in the virtual
representing over 328 training is free and open to
facilities across 43 states all staff at the utilities

U.S. DEPARTMENT OF ENERGY OFFICE OF STATE & COMMUNITY ENERGY PROGRAMS



Results So Far: Energy Savings

1,987 kWh/MG 2 : 5 %

?eassu?fsof?om Average energy intensity iﬁgaﬁﬂe(aene;gv mtenmty
2016-2019 for all reporting facilities ( : /MG) re UCt_'Dn DU?T_

' baseline by all reporting facilities
Data from

g 130,446,219 6 . 9 %

Total energy reduction
over baseline by all
reporting facilities

Cumulative kWh saved
by-all reporting facilities

Based on SWIFt partner daoto 2016-2019

U.S. DEPARTMENT OF ENERGY OFFICE OF STATE & COMMUNITY ENERGY PROGRAMS



Summer 2023
Virtual Training Sessions

01 02 03 04 05

Energy Process Energy Energy Map, Headworks Aeration
Management Conservation BOD, and and Blower Process
Tools and W3 Pumping Energy Requirements
06 0y 03 09 10
Sludge Quality, Secondary Dewatering, Renewable Nutrient Recovery
SRT, and Fans Clarifier Digestion, & Energy & & Emerging
Optimization Decarbonization Financing Contaminants

U.S. DEPARTMENT OF ENERGY OFFICE OF STATE & COMMUNITY ENERGY PROGRAMS



Zoom Poll
Who is in the Room?

e

- T

Polling
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Energy Management Systems
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What is an energy management system?

* An energy management system helps
organizations better manage their
energy use, thus improving
productivity.

« |tinvolves developing and
implementing an energy policy, setting
achievable targets for energy use, and
designing action plans to reach them
and measure progress.

* This might include implementing new
energy-efficient technologies, reducing
energy waste or improving current
processes to cut energy costs.

Better
Buildings’




Energy Management Systems and Programs

50001 Ready

U.S. DEPARTMENT OF ENERGY

Superior Energy
Performance
50001

U.S. DEPARTMENT OF ENERGY

Industrial
y , Assessment
Center

U.S. DEPARTMENT OF ENERGY

Monitor, measure,
Find and Fix,
document results

Technical Assistance Partnerships
U.S. DEPARTMENT OF ENERGY

Better Reference: 50001 Energy Management Systems o US. DEPARTMENT OF
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https://betterbuildingssolutioncenter.energy.gov/iso-50001

What is ISO 500017

Benefits

® Develop a policyfor more

VS A Tried and Tested Framework to @
efficient use of energy

Manage Energy.

Greater Visibility of How Energy is @
Being Used and Where Performance
can be Improved.

® Fix targets and objectives in
line with that policy

® Use datato make informed
decisions about energy use

® Measure the results to identify areas
of energy efficiency improvements

Reducing Energy and Costs @

Carbon Reduction @

. . , Organizational Engagement ®
e Review the policy’s effectiveness g gag

and results of improvements Continuous Improvement System @
Staff turnover is eased by having @

written practice in place

The program is a self-paced, no-cost way

® Continually improve energy
management practices

ISO 50001 provides organizations with DOE’s 50001 Ready program
an internationally recognized framework

i

, - recognizes facilities that attest to for facilities to build a culture of
for implementing an energy the implementation of an ISO structured energy improvement that
management system (EnMS). 50001-based EnMS. leads to deeper and sustained savings.

Blants Voluntary standard for establishing an energy management system ENERGY




How 50001 Ready Works

50001 Ready
Site 2021
Complete 25 Tasks in US DOE’s 50001 Compa ny Name
Ready Navigator free, Self'gUided online tool Is recognized as an Energy Management Leader for instituting DOE's

50001 Ready program across its [Facility] in [location]

UNDER THE LEADERSHIP OF

Facility Level Corporate (or Agency)
Energy Manager Energy Manager

. Recognized [or i re-attested sinCe YYYY of initial recognition]
Submit energy performance data. May use by the United States Department of Energy

50001 Ready Nav’'s Consumption TraCker, [Date of certificate issuance]
EPA’s Portfolio Manager, DOE’s EnPI Lite

Delivered by !I-B’leatrtﬁ; E ﬁMERmREEFY

Sign-off by management of 50001 Ready
implementation and commitment

energy.gov/50001Ready 50001 Ready achievement

U.S. DEPARTMENT OF
Better

4Plants_ ENERGY



50001 Ready Navigator - Overview

= Free online “Turbo Tax-like’ tool, with step-by-step approach to ISO 50001 implementation

= Guidance broken into straight forward sections, including: Context of the Organization
Tasisizws cick 0 me) D @ O O OO QOO O DOO QOO OO0 ODOD @O

= Getting It Done — what specifically needs to be accomplished

= Task Overview — how does this task connect with ISO50001 TSk S and o Orniatn

= Full Guidance — comprehensive guidance about the task i

= Transition Tips — from other management systems or ENERGY ST AR ok e deteme e e et i necte o Get Help

. . . 50001 Ready energy management system.

» Form teams, assign tasks, setup multiple projects oo s o

" Great project management tool R e
= Downloadable guidance e | et o o s snon ]
= URL: navigator.lbl.gov

intended outcomes of the energy management system (EnMS).
2. Record this information

Guidance in Navigator is based on Detailed Guidance: An EnMS and Your Organization
ISO 50001 Principles. There is no . . o .
Getting It Done Task Overview Full Description Notes (o Playbook & Assignments
fee to use the tool.
Better U.S. DEPARTMENT OF

Plants_ ENERGY


https://navigator.lbl.gov/

50001 Ready Navigator Features — Wastewater Specific

= Example P|aybooks Detailed Guidance: Scope and Boundaries

Getting It Done Task Overview Full Description Notes (o I Playbook : ‘&* Assignments

o B B N R Y

h-----

= Tool Tips

Name Type Description

50001 Ready Playbook Task 03 @) Scope and Boundaries

F n _— n _— n — ] — L] — ] — L] — ] — u — n _— L] _— [ ] _— L] — ] _— L] — ] _— u \

| Wastewater Treatment

Detailed GI dance: Scope and Boundaries : , o
P —— | Wastewater Example Playbook Task 03 - Filled Out & Playbook Example File
Geﬂing It Don Task Overview I Full Description I Notes (o P|ﬁyb00k TR EE T B L ol Ly o Ry o m o e e o e 1 o e o B e o e TR H
l LB B B B N |
Full Description
. .
. » Wastewater Treatment Sector - Additional Guidance I :;Ielp Des!l(. d oh tf
ree emall an one support rrom
| When establishing the scope and boundaries of an Energy Management System, it is easy to over-simplify this process and simply state i LBNL's EnMS e?( erts PP
. that all people and equipment within the facility footprint are what constitute the scope and leave it at that. Thus, it is important to think I P
' deeper to ensure nothing is being left out, for example: | at: 50001 Readv@lbl.qov
e . i i i ? wgn
Is approval ne.ec.led Ifrom people 0L.1t5|de of the was’Fewater treatmgnt plant, such as mtyfclounty operations? | Reach out to us and we can facilitate
i » Does the municipality have authority over changes in controls, equipment, or other operations? | icati ith staff t id
. » Will the Energy Management System apply to pumping stations / control instruments located outside the boundary of the wastewater I comr_n_unlca ion wi S. a_ O provide
t treatment plant fence line, such as collection and transmission systems? | speC|f|c ISO 50001 trammg
L

Better U.S. DEPARTMENT OF
le a “‘ts'm EN E RGY



mailto:50001Ready@lbl.gov

50001 in Action 38 L oo

= The Noman M. Cole, Jr. Pollution Control Plant
(NMCPCP) - Fairfax County

= The Glenbard Wastewater Authority (GWA) - lllinois

50001 Ready helped NMCPCP’s Energy Team account
for inefficiencies across its wastewater treatment
process. For example, the plant had employed a
treatment process that remained relatively unchanged
for nearly 10 years, only occasionally adjusting the
chemicals used in that process. Engaging with 50001
Ready provided the plant’s staff with a framework within
which they could perform a thorough assessment of
their treatment process that enabled the Energy Team
to identify savings opportunities in the tank mixing
process.

In using DOE’s 50001 Ready Navigator tool, GWA staff
found the energy mapping exercises to be most
beneficial for their needs. Taking stock of the finer
details of the facility’s operations — such as tracking
runtimes and evaluating energy bills — ensured that staff
were capturing the system accurately. Having numbers
at hand also allowed them to determine the facility’s
biggest energy users, some of which were impacting
energy use in ways that previously had gone unnoticed.

Better
Plants_




Summary: 50001 Ready...

v'Helps facilities get recognized for best-in-
class energy management

v'Is a tool for onboarding new staff

v'Institutionalizes energy management that can
survive leadership change

v'Builds off of current energy efforts
v'Supports your efforts to meet mandates

v'Is a way to develop and prioritize a list of
continuous improvement opportunities

v'Can be delivered by utilities, contractors,
ESCOs

v'Enhances resiliency by surviving staff
disruptions

v'Can break down internal stovepipes by
creating collaboration

-
al

50001 Ready

U.S. DEPARTMENT OF ENERGY
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Other Available Resources for EnMS

EPA's Energy Use
Assessment Tool

EPA's Guidebook

Energy Use Assessments at

Water and Wastewater Systems
Guide Ensuring a Sustainable Future:

An Energy Management Guidebook

for Wastewater and Water Utilities

A means of assessing your system’s baseline energy

consumption and costs in order to identify areas for

improved energy efficiency and operational savings JANUARY 2008

Using the
Energy Use Assessment Tool

Example Successful Utilities
- City of Santa Cruz, CA
- Des Moines Water Works, |A

Energy Star Program
Partnership Member

Energy Data
Management Manual

Better

orffL

ENERGY STAR

Energy Data Management Manual
for the Wastewater Treatment Sector

DECEMBER 2017 US. DEPARTMENT OF ENERGY
2021-24

Gold

Superior Energy Performance 50001™

Des Moines Water Works General Office Facility has h 2020 ENERGY STAR

eeeee d the Energy Star. The facility outperforms 82% C E RTI F I E D
77 FACILITY

www.energystar.gov

of similar buildings nationwide and used 32% less

energy per square foot than the national median.

Better
Buildings’

U.5. DEPARTMENT OF

ENERGY


https://www.epa.gov/sustainable-water-infrastructure/energy-use-assessment-water-and-wastewater-systems
https://www.epa.gov/sustainable-water-infrastructure/energy-use-assessment-water-and-wastewater-systems
https://nepis.epa.gov/Exe/ZyPDF.cgi/P1003Y1G.PDF?Dockey=P1003Y1G.PDF
https://www.energystar.gov/buildings
https://www.energystar.gov/buildings
https://www.cityofsantacruz.com/government/city-departments/public-works/wastewater-treatment-facility/wwtf-energy-and-environmental-program
https://www.dmww.com/about_us/energy_management.php
https://www.energy.gov/scep/slsc/articles/energy-data-management-manual-wastewater-treatment-sector
https://www.energy.gov/scep/slsc/articles/energy-data-management-manual-wastewater-treatment-sector

Low- to No- cost Energy
Efficiency Measures
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Low- and no-cost energy efficiency practices, and median energy saving

opportunities for WRRFs

Raw
Sewage

¥ Better
@ Plants

- @ —

Contact Tanks

|

s
! Chemical

=‘ Disinfectants

To Land Use

Steam

Preliminary Grit Removal Primary Aeration Basin Secondary
Treatment / Clarification Clarification
I |t 45-53% |
Screenings Grit Water Scum and Scum and
l | Sludge Sludge
by 'y '
Grit Separation AAAA
I @ m Polymers
R Grit
To Landfill Gravity Gravity Belt
A Thickeners Thickeners
< + I + I Recovered
Water
Drain/Recovered
Water Tank I
Thickened /_ Digestate _> m
Sludge
| /
N
ing — 149 ) Anaerobi i —_—
P_ump.)lng 14./0 . 14%, Anacrobi Biogas =P . — G
Lighting & Buildings — 8% Biogas
Clarifiers — 4% | @
. - _
Solids Handling — 4%
Heat
Exchangers

Reference: Water and Wastewater Treatment Energy Savings Guide

U.S. DEPARTMENT OF

ENERGY


https://www.energytrust.org/wp-content/uploads/2016/10/PE_fs_guide_wastewater.pdf

Managing Your Demand

= | owering your demand costs
means managing your facility’s
load profile

= Two main strategies:

1) Load Shedding:
A temporary reduction in demand

2) Load Shifting:
A transfer of load to off-peak hours
= Some utilities offer financial
Demand Response incentives to
shed or shift load during times of
high grid stress

Demand (kW)

EEEEEEEEEEEE

Better ENERGY

5. DEPARTMENT OF ENERGY



Electricity & Energy Demand Response

« Shifting demand response for
charging energy at different rates

550

2 %1 « Centrifuges & Backwash Pumps
< 1 « |dentifying Retailer’s Peak, Shoulder
8 and off-peak times
£ oo | - Use DOE’s Energy Performance
E | Indicator (EnPl) Tool
n | ' « Establish baseline and variations
o | | |l| J_HL in energy consumption
SerRachRncroncnoroncioncRoncioncroconononcienctt «  Other Caveats in Energy and
Zigaiegstasirartties acnaniae aaRitiREatietts o Pay-on-time discounts
* Metering charge
« Time-of-use variations
EFatrﬁ?; Reference: Energy Efficiency Opportunities in Wastewater Treatment Facilities EﬁmERmREEFY



https://www.environment.nsw.gov.au/resources/business/wastewater-treatment-facilities-energy-efficiency-opportunities-190114.pdf
https://www.energy.gov/eere/amo/articles/energy-performance-indicator-tool
https://www.energy.gov/eere/amo/articles/energy-performance-indicator-tool

Low- & No-Cost Measures List | < 2-year payback periods

Installation

Install timers on light switches and occupancy sensors in little-used areasand
adjust for scheduled operations as needed.

Install programmable thermostats and use night set-back/setup settings.
Turn off unnecessary lighting and install occupancy sensors.

Identify and use energy-efficient belts compatible with your facility's
equipment.

Change aeration blower intake filters regularly to minimize air intake
resistance. !

Use automatic controls when available to optimize equipment, process

monitoring, and operations.

QBeter  Source: SWIFT 1.0 Analysis & Findings ENERGY



Example: Lighting Replacement

A WWTP operates 24 hours a day, 7 days a week.

« The plant has several light fixtures that run continuously,
each consuming 100 watts of power.

« The plant management decides to install timers on these
light switches so the lights only run 12 hours a day instead

1. Current Daily Energy Consumption:

«Total power consumption per light fixture per day:
0.1kWx24hours = 2.4 kWh

*Total energy consumption for 50 light fixtures:

of 24 hours. 50%(0.1%24) kWh = 120 kWh
Given: 2. New Daily Energy Consumption:
1. Power consumption of each light fixture: 100 watts (0.1 kW) ;i'lr'rc]);a;lspower consumption per light fixture per day with
2. Number of light fixtures: 50 ' B
3. Current operation time: 24 hours/day 0.1kWx12hours = _1'2 kWh -
4. New operation time with timers: 12 hours/day *Total energy consumption for 30 light fixtures:
5. Cost of electricity: $0.12 per kWh 50%(0.1%x12) kWh = 60 kWh
3. Daily Energy Savings:
Tasks: _
: : : 120 kWh — 60 kWh = 60 kWh
1. Calculate the current daily energy consumption of the light . . ]
fixtures. 4. Daily Cost Savings:
2. Calculate the new daily energy consumption after installing Difference in energy consumption x 0.12USD/kWh
the tlme_rs' . . 60 kWh x 0.12USD/kWh = 7.2 USD
3. Determine the daily energy savings. 5. Annual Cost Savinas:
4. Calculate the daily cost savings. " _ gs:
5. Determine the annual cost savings after installing the Daily cost savings x 365days
timers. 7.2 USD x 365days = 2,628 USD/year
QP ENERGY



Low- & No-Cost Measures List | < 2-year payback periods

Assessment

[0 Review and assess ventilation requirements to optimize efficiency, reduce
space conditioning during non-working hours, and manage space
conditioning energy use during non-occupancy times.

[ Assess the potential to remove organics prior to entering the secondary
treatment system. Assess the capability for high strength organic dischargers
to feed directly to an anaerobic digester.

[0 Review operations to identify any pumps or blowers that are being throttled
and assess them to determine if they can be adjusted to operate more
efficiently.

[l Assess air and water piping systems in need of insulation (exposed piping).
[ Identify equipment speeds and resheave blowers where needed.

[l Consult your energy utility account manager to evaluate rate schedules and
determine the most efficient rate for your facility.

QBeter  Source: SWIFT 1.0 Analysis & Findings ENERGY



Low- & No-Cost Measures List for Operations | < 2-year payback periods

Test, calibrate, and maintain dissolved oxygen level/sensors in aeration tank(s).?

Shift to smaller HP pumps/blowers during nightly low-flow periods or seasonal
low-flow periods, if applicable. ?

Reduce blower pressure to the minimum required through proper
maintenance of aeration diffusers and distribution system to minimize head
loss. Control the set point in the aeration blower control strategy. Also,

identify, assess and repair aeration system air main leaks - (replace gasket,
repair corrosion, underground maintenance) and lower aerationtank levels to

reduce air header static pressure, if applicable. (May need sensing 02 level).

Turn off equipment when not in use (e.g., turn off aerobic digester blower
periodically or operate intermittently).

Adjust system operations when there is a change in wastewater load.

# Better
QPlants
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Low- & No-Cost Measures List for Operations | < 2-year payback periods

[ Raise wet well levels to reduce static head in the pump system. Coordinate all
control points (low-level alarm, pump start/stop, high-level alarm)to adjust the

wet well level upward. Consider hydraulic profile of the facility when doing so.

[ Eliminate leaks in inert gas and compressed air lines/valves.

[ Operate select aeration tanks as needed while also establishing operating
protocols to enable the plant to bring tanks back on line efficiently.

[ Routinely clean UV lamp sleeves to enhance transfer efficiency and decrease the
number of UV lamps where/when possible while still meeting disinfection

needs.

[ Idle aeration basins/zones, if not needed (periodic maintenance may still be
needed).

[ Reschedule plant operations or reduce load to avoid on-peak hours (e.g.,

operate dewatering equipment during off-peak, load digesters during off-peak,
repair equipment, and shift recycling of supernatant to off-peak).

EEEEEEEEEEEE

Better us.
zl?!gm-ﬁm ENERGY



Median energy saving
opportunities for WRRFs
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Opportunities- Median Energy Savings

. Me dian Energy Savings Optimum DO Set-point — Reduced
ceasure (facility-wide/annual, unless otherwise noted) Blower Energy
_ TECHNOLOGIES Optimize mechanical mixing & bubble
Dissolved Oxygen (DO) Control 15% . .
Blower Technologies + Optimization 15% diffusion
Emerging Diffuser Technologies 25% Upgrade from coarse bubble diffusion
Pumping System Technologies + Optimization 10% to fine bubble diffusion to increase the
Ultraviolet (UV) Fhisinfection Systems 13% efficiency and reduce blower load
Membrane Bioreactors (MBR) 15% V . bl F D . d
Pure Oxygen (Pure Ox) System 15% ariable rrequency Lrives toa JUSt
Solar Photovoltaic (PV) N/A speeds based on process needs in
MANAGEMENT APPROACHES real time
Energy Assessments 15% Control UV lamps with turbidity
Real-Time Monitoring & Control 10% SEensors
Energy Management Systems 15% .. . )
infiltration/Inflow (/1) Studics 29% « Optimizes the number or intensity of
(annual wet weather flow reduction) Operating UV |amps
Energy Conservation Programs 25% o Upgl’ade to |OW-p|’essure hlgh-
Rate Structure Management 15% OUtpUt UV
‘ Better 32 g\?\];?;nf% X\:\itlirs ;n; \é\i/:jitﬁg\;\éater Treatment Energy Savings Guide EﬁMERWRE&OFY

4 Plants_


https://www.energytrust.org/wp-content/uploads/2016/10/PE_fs_guide_wastewater.pdf

Opportunities- Median Energy Savings

Median Energy Savin . . . .
Measure {facithy—wide;"annual,u::ssnthfmisenoted] ¢ AdJUSt dlgeSter mIXIng SyStemS
PROCESS IMPROVEMENTS 1A
Ammonia-based Aeration Control (ABAC) 15% touse the mlnlmum number Of
Chemically-enhanced Primary Treatment (CEPT) 10% mixers pOSSlble for adequate
Modifying System Operations Seasonall 25% . . .
——— OURCE RECOVERY mixing of influent and a high
Aneroblc Digestion [equivalentei?iygeneratiﬂn] VOlume Of gaS
Combined Heat & Power (CHP) o | « Upgrade existing systems such
equivalent energy generation
Heat Recovery 25% as gas lance or draft tube
(equivalent energy generation) . .
Biosolids Energy Recovery = SSUG,% SyStemS tO a |Ineal’ mOtIOH
{annual costsavings) . .
Inline Hydropower 25% = m|X|ng SyStem
(equivalent energy generation)
Onsite Water Reuse 30%
(annual effluent flow diverted)

Better Reference: Water and Wastewater Treatment Energy Savings Guide =~ U.S. DEPARTMENT OF

U.s.
Plants_ 33 SWIFT 1.0 Analysis & Findings ENERGY



https://www.energytrust.org/wp-content/uploads/2016/10/PE_fs_guide_wastewater.pdf

Power Factor Penalties

= Power Factor (PF) is inherent to
systems supplied with AC power

= PF is a number between 0.0 and 1.0

* Instantaneous power has two parts:
= Real Power (kW) — Does work!

= Utilities penalize facilities with low PF
= Must deliver extra Apparent Power (S)

S = \/ngg +

avg

PF =

Real Power (kW) S

= cos(0)

Example: 100 kW of Real Power
» Watch Apparent Power as PF

decreases...

¥ Better
@ Plants

EEEEEEEEEEEE






Managing Power Factor

 Power Factor is the ratio of real power (kW) to apparent power (kVA)

When the power factor is low, the apparent power is higher for the same amount of real power

« Utilities often charge based on apparent power, so improving the power factor reduces the kVA
demand.

 Power Factor Correction (PFC) System
Minimize costs associated with the switch to demand-based charges
Improves power factor and reduce monthly peak kVA demands

Reduction in Reactive Power Charges
. Some utilities charge for reactive power (kVAR) separately or impose penalties for low power factors.
. Installing a PFC system reduces the reactive power, which can eliminate these penalties or charges.

Improved Energy Efficiency
. Reduces losses in the electrical system by minimizing the current flow.

. Lower current flow means reduced losses in cables, transformers, and other electrical components, leading to
better overall energy efficiency.

Increased Capacity
. Electrical system can deliver more real power without increasing the current.
. This means that existing infrastructure can handle more load without requiring upgrades, indirectly saving costs

Avoidance of Utility Penalties
. Many utilities impose penalties for maintaining a power factor below a certain threshold (e.g., 0.90)

U.S. DEPARTMENT OF

Better
4 Plants ENERGY



Power Factor Penalties

PF is usually listed on your bills
PF penalties are rarely listed directly on your bills

Real Power (kW)

Penalties depend on how you are billed for demand:

Billed for Real Power (kW) Billed on Apparent Power (kVA)

PF Adjusted Demand (AD) = RD x —% PF Penalty = C4 x (BD — RD)
PF Penalty = C; x (AD — RD) PF Penalty = C; x BD x (1 — PF)
A\ Penalized only if PF < PF,, £\ Penalized for any PF <1

Better

5. DEPARTMENT OF ENERGY
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How Much Does Low PF Cost?

= Consider a facility whose average PF is 0.85 (PFgyg = 0.85)

= Utility requires a minimum PF of 0.95 (PE.¢q = 0.95)
= Demand cost is $8/kW with no ratchet clause (Cq = $8/kW)
= Average billed demand is 2,000 kW (BDgyg = 2,000 kW)

Real Demand (RDgyg) = BDgyg X =222 = 1,790 kW

req

PF Penalty = C4 X (BDgyg — RDayg) X 12 = $20,160/yr

EEEEEEEEEEEE
Better

4Plants_ ENERGY



How Do You Fix Low PF?

= Nearly all facilities have low PF because of large motors used in their
production process

= Windings act as large inductors causing current lag
» |nstall capacitor banks to offset inductive loads

= Two types of capacitors:
1) Static ($)
2) Dynamic ($9)
* Fix baseload phase difference
with static capacitors

* Fix remaining difference
with dynamic capacitors

EEEEEEEEEEEE

Better us.
Plants_ ENERGY




Pumping System Improvements

* Improve controls — to more efficiently deliver the required output
* Modify pumps — to better match the required conditions

* Replace or upgrade equipment — use more efficient technology or
more suitable equipment

* Re-design the system — to minimize friction losses, static pressure or
required flow rate

EEEEEEEEEEEE

Better us.
4 Plants ENERGY



Secondary Improvements:

Optimize Return Activated Sludge (RAS) Flow Rate

* Purpose of RAS is to re-seed incoming sewage with the activated
sludge biomass needed for treatment

 RAS is pumped from the bottom of clarifiers to the bioreactors
* mixing and aeration of biomass with influent sewage takes place

» Higher RAS rate = higher microbial activity = higher air consumption
= higher energy consumption

* To minimize the required RAS pumping rate while ensuring sufficient
microbial activity to treatment C and N

EEEEEEEEEEEE

Better us.
4 Plants ENERGY



Wrapping Up Energy Efficiency

Energy
Management
System

No- to Low-Cost
Savings

Median Energy
Savings

Long term Energy
Savings

SO 50001
« Superior Energy Performance

* |nstallation
 Assessment
» Operation

* Technologies
* Process improvement
* Resource recovery

* Investigating the use of cutting-edge technologies

* Including infrastructure and process upgrades as
part of Master Planning
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Zoom Poll
Technology Queries

e

- T

Polling
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Break
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Tools to Evaluate Energy and
Efficiency Measures

EEEEEEEEEEEE




DOE Industrial Software Tools

Help energy and sustainability teams identify opportunities
for energy and emission savings in their operations.

4 N N

Energy Systems Energy Management Carbon, Water, & Waste

gv f B les -
My IR " [
MEASUR VERIFI Plant Water Profiler
Electrification for Decarbonization 50001 Ready Navigator Plant Carbon Footprint &

Compressed Air Scoping Tool Energy Footprint Tool Decarbonization Assessment Tool

Plant Energy Profiler Carbon Emissions Calculator

\. J _ Implementation Guidance Toolkit Y Waste Stream Energy Content

EEEEEEEEEEEE

Better us.
Plants_ ENERGY




Helps identify, assess, and quantify energy
savings and decarbonization opportunities
in their manufacturing operations and
energy support systems.

* Energy savings analysis
* Open source
» Cross-platform tool
« Technology and vender agnostic

 Key User Features

 Similar workflow for all assessment
modules

« Graphs & Figures!

« Easy unit system switching and
translation functionality

« Accessible help text and examples

(<]
U.S. DEPARTMENT OF
©ENERGY
Energy Efficiency &
Renewable Energy

orwecn

@MEASUR

Welcome to the most efficient way to and optimize your facilities' systems and equipment.

If you need

CompressedAir | ProcessHeatng | Fan | Steam | Treasue |  Wastewater || Motor

Energy Efficiency &

ENERGY Renewable Energy

Find this tool at

https://measur.ornl.gov
https://www.energy.gov/eere/amo/measur

¥ Better
Plants_
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https://measur.ornl.gov/
https://www.energy.gov/eere/amo/measur

Has 7 industrial system assessment
modules, plus equipment inventory and
data analysis modules, and over 70
standalone calculators!

Assessment Modules

 Pumps, Fans, Process Heating,
Compressed Air, Steam, Wastewater,
and Treasure Hunt

« Baseline and What-if Analyses (Novice
& Expert Views)

 Explore energy, cost, and carbon
emissions impact of projects

Other Modules
* Motor Inventory (others coming soon)

- Data Analysis (day type & visual
analyses)

o= Process Heating Example

~* Fuel-fired

=" Last modified: May 4, 2022

Explore Opportunities Modiy AllConditons
Novice View Expert View

SELECT POTENTIAL ADJUSTMENT PROJECTS

st st [EEEEINRY i

1,174.87 Kib/hr

Click-on and mouse-over equipment and components for more
detals.

Select potential adjustment projects to explore opportunities fo and your sy -
.
'Add New Scenario 20.74 MMBu/hr 25 Klb/hr
Modification Name [Reduce 02 in Fiue 89 149,87 kib/hr R4 1.000 kib/hr

74.99 Klb/hr

Maintain Optimum Air/Fuel Ratio or Recommended O; Level in Flue Gas

Baseline
Oxygen Calculation Method
Oxygen in Flue Gas
Oxygen in Flue Gas

14.9%

Excess Air in Flue Gas
o

O Preheat Combustion Air

Modifications

HP to MP
' Turbine < 4.68 Kib/hr
4

Oxygen Calculation Method

~| 607.2 °F 27,674.3KW [ 412.5 Kib/hr
Oxygen in Flue Gas v S | P
Usage
¥| 104.55 kib/hr | 500 kib/hr 550 Kib/hr
Oxygen in Flue Gas 498.53 MMBtu/hr
10 ]
PRV MP o LP Flash
Excess Air in Flue Gas ‘(Turbme < 47.67 Kib/hr Tank
8136%
v 472°F 5171.8kW v 287.5 kib/hr

25 psig

(J Preheat Charge Material

2 to 3 Years
$6,

12.5 klb/hr 21.14 Kiblt

O Improve Materials Handling

More than 3 Years
$6,436

O Avoid Fixture Cooling

1to 2 Years
$500

L 1,249.86 Kio/hr 93 36 Kib/hr v
‘ 53.85 km/m'

(JAdd / Improve Wall Insulation

O Minimize Opening Size or Install Tunnel-like Extensions

O Install Curtains or Radiation Shields to Reduce Opening Losses

OJ Minimize the Time Furnace Doors are Open

Baseline System Capacity

O Adjust Operational Data

= m m Max System Capacity [l CompressorD [l Compressor ¢ [l Compressor 8 [l Compressor A

4000

Less than 1 Year
$189,912

3000--------------------------------------------------------------

2000

Systemn Capacity (acfm)

1000 FXTYEXIEA] Compressor D
[XIIEETES] Compressor C

o
oSNGPIYEIFER] Compressor A

Find this tool at

ttps://measur.ornl.go
ttps://www.energy.gov/eere/amo/measur

Better
Plants
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https://measur.ornl.gov/
https://www.energy.gov/eere/amo/measur

MEASUR - Getting Started

= Start an assessment
=P Create an inventory

= \/iew Assessment
Dashboard

Use Properties &
Equipment
Calculators
Help and User
Experience
e Change Settings
e View Tutorials

e Manage Custom
Materials

e Provide Feedback
e Translate

(<]

e, MEASUR

Energy Efficiency &

Renewable Energy y T Sy -
Welcome to the most efficient way to manage and optimize your facilities' systems and equipment.

Add New ~
Create an assessment to model your system and find opportunities for efficiency or run calculations from one of our many property and equipment caiculators.
Get started with one of the following options.

If you need help at any point along the way, click on a & User Manual icon.

-—

View Assessments Equipment Calculators

Home

& All Assessments
& Examples
= Toy Factory
& Compressed Air Example
B Treasure Hunt Example

{ Steam Example
& Process Heating - Fuel Exa

& Waste Water Example
@' Fan Example
oo & @ ¢ ©) 8 =&
Ltz Eploration Pump Compressed Air Process Heating Fan Steam Treasure Wastewater Motor
All Calculators Assessment Assessment Assessment Assessment Assessment Hunt Assessment Inventory
General
-

Compressed Air

Fans
Lighting
Motors

Data

Process Cooling
Process Heating Exploration
Pumps
Steam

Wastewater

Settings

Custom Materials
User Manuals
About

Feedback

U.S. DEPARTMENT OF Energy Efﬂc}ency &

ENERGY Renewable Energy

[ Clearing your browser cache DELETES online assessments }

Better

U.S. DEPARTMENT OF

ENERGY



MEASUR - Assessments

Fan1
System Setup Assessment Diagram Report Sankey Calculalors
Lestmodified: Nov 15, 2021
Assessment Settings (B Operations B Fan and Flud 18 Motor BFeidan
MOTOR HELP

Motor Help

= Enter measured data to calcula

Line Frequency

ur system’s annual savi tential
Rated hiotor Powsr te your system's annual savings potential

Motor RPM

Enter data about current
em setup

Molor RPM

Eficiency Class Motor RPH ks the name

speed of the malor

Rated Votage 450
FulLoad Amps

 eficiency and oulput shal powes for the measured

Standard and Energy Efficient Molors

s Process Heating - Fuel Example

Motor Sz Menionuen, Masimann ~ Fuel-fired System Setup Diagram Report Sankey Calculators
60 Hr 540 1pm 3600 P == Last modiied: Sep 23, 2020
| S0z 450 3000 tpen

All Opportunities

Explore Opportunities  Modify All Conditions
Premium Effcient Motors View

ow Expert View

Selected Scenario

Motor Stz Mlckaimn Nazimorn T Cooling Pump 2 Operations ® Charge Materials @ Flue Gas @ Fixture Wall® Cooling® Atmosphere Opening @ Leakage @ Extended Surface Other
ak ea o0 5 syt s [ D o Sk Caluts
= - P = Lastmodiied: Sep 23, 2020
50 %0 3000 " BASELINE ALL OPPORTUNITIES RESULTS HELP NOTES
L - - Explore Opportunities  Modify Al Conditions.
Pchbess ot Evergy Lossiss Baseine Al Opportunites
ko M Operating Hours Blsor2 Operating Hours Beor2 WMBtne BN
LECT POTENTIAL ADJUSTMENT PROJECTS Resuirs — E el Gadis 5 Charge Materals 14356 12820
Sttt ot s ke e e siows 109 e o o Baseine S Frtires: sovs e . -
Steam Costs. 8 s
A M Scumes Steam Ot 8 Wall Losses 747 350
N S o Electricity Costs 005 Electricity Costs oos CaoNng Losees! 216 2016
Implementation Cost Aimosphere Losses — —
Insigl VED; w5 Opening Losses. 281 156
2 intall More Eftciont Dive Vetr e power (1) 0 Leakage Losses 326 163
‘Baseline Motor Drive Modification Moor Drive: * v) s Extended Surface Losses - —
. ot . Pumpsht pover ) 63 —— —
o P e oo L Other Losses
# Insall Moro Effciont Pump Wetor poes fco () ns Total Net Heal Requred 18127 15906
i Available Heat (%) s92% 640%
. . Tammi Py e Wioateaion Pum e
soividi S ; e C. Fue Gas Losses 12182 w950
Pump Eivency Annust Energy (i) £ Gross Heat nput 20609 24865
ncoce Aol Energy Sings (An) =
. i i : A Cont s

What-if scenarios and compare . I

Reduce System Head Requirement

‘Adjust Operational Data

2 nstall More Efficiont Motor

Baseine Effcency Class Jeteaton Efroency Ciss

i | ecamsney mmons oo | sl o

e S o~ [ Back Next View Report

an Examplo

eview Results

U.S. DEPARTMENT OF
Better

Plants_ ENERGY




MEASUR - Calculators

« 70+ Stand alone
Calculators
* Motors
 Pumps
 Fans
* Process Heating
* Process Cooling
¢ Steam
 Compressed Air
« Lighting
* General
 Most have
graphical results

Better
4 Plants




VERIFI

« Corporate and facility-level views Will help energy management and
« Enter utility bills and see total decarbonization teams track and
energy use in a new way understand their facility and corporate
- Calendarization of energy data level energy use.

« Annual cost, energy use, and limited
carbon emissions overview
* Analyze your data and generate a
Better Plants Annual Reporting
Form or other custom reports

* Available for “Beta” testing

«  Will replace EnPI tool and other DOE
facility-level utility analysis tools

« Updates currently about every two
weeks

 Updates may impact functioning of Fe this foel 21
existing data https://verifi.ornl.gov/
https://github.com/ORNL-AMO/VERIFIl/releases

¥ Better
Plants



https://verifi.ornl.gov/
https://github.com/ORNL-AMO/VERIFI/releases

VERIFI — Entering Data

There are several ways to enter data into VERIFI

VERIF| &= Q] R eetter Plants Example + | | Backup Account | Last Backups (—) =
&, Upload Data ALHEES
e ome
e doa | ) B cecuicy [IERCEISS
e Do - = aunmos ABuE LB Natural Gas New i
o — o — T — e w | —
m— 3 [ B commrses W ot
A B c > : ; G " | AaBuE LS o ABWE LS
&
» Ganerl Iformation
Local | e south Facility - Facility
1 Meter Number |Read Date [Total Consumption _ [Total Cost Commodity Charge _|Delivery Charge _|Other Charge _|Demand Usage |Demand Charge |salesT @ @ fu | AR bHY
B T Even v YT S FaclityName  MsterName  lsValid? Souce  Units  Growp AuoGroup Calanderize?  Toggle New/Existing  Sidp Import o
3 s6790]  12/26/17 39644 437584 436084 150| e ot raciy iy | ffce ves  cdearcty k[ oficeGectity v| [Donotcaanderze v] ising North aciy ot et S5 Emisions
4 s6790  01/31/18 56770) 62597 62147 150) . s rciy Ve Hercty kWh | OffceBecticty v| | DoNotCaanderze v| ising o AU LS Trem]  Okgcoie
s 56790 03/01/18] 52085 574435 572935 150| LA-NTN-4 E - —
6 s6790 __03/20/13] 6261 400371 29887.1 150 West Faciy o ecvidty i [ shopeleciaty ] | [Do Not cangerze ] | pising
7 e Mo i = e — = N ety p— o oy o | | e
s 6750 os/ou/s s3] somas 55223 150 T — ABuE LS iy v esics  Them [t ] [ bonsimders v | siting g -
5 = ] — = i g . oa ot
s S0l s i - il - : o e | P EETT e o
1 56790) 08/29/18] 2052 2407.2] 22572 150] ? South Facility  Electrici Yes Eearicty  kWh Electricity v| [ DoNotcalanderize v|  existing @ acknowledgments Commodity Charge
2| sersol o261 21| ey 203 150 r - sy | Noumicn | Y| e | om | [mics ] | [ sontcamins ]| g
13 s6790|  10/28/15] 17333 19216.3 19066.3] 150| © ot 7 & 3 - = :
7] So790] 11/26/18) 28973 32003 318703] T50) I east racity crcty Vs clearcty  kwh | decrcty ] [Donctcamnderze v| oisting Oelver Crarges
15 56790 12/26/13] 35896 39635, 39285.6) 150) ) Eastraciity | NaralGas | Yes | NatalGas  Them | NowrsiGas ] | | DoNotcesnderze v] | Busting o
16 56790) 01/29/19) 50705) 55025.5) 55775.5| 150| W Acknowledgments e o . . - 1 (oo rercimoee <] | o0 Otber Cages
- T S = g = s Faclty . e searicty dectrary 00 ot Cancer sisting
18 56790) 03/30/19| 42262 4663822 464882 150] North Faciity cwh)  Ves Hecridty  kwh [ Hecticty ] [Donot Calanderize_~|  sisting s
® s6750 o719 20725587 227887 150 Ny | s ve | wmics | cr | [naunices ] | [onorcameers <] | betng TS
20 56790 05/30/19) 12162
2 56790|  06/25/19) 3199
22 56790| 08/01/19)| 2758
2 56790 08/31/19] 2536 VERIF] cZ=m (@
24 56790| 09/25/19) 2800| . . o
2 Se700] _10/31/19) 13952 \ Renewable Energy
F—T T Best if you walt it to enter bill data o R 2 Upload Data
7 s6700  12/29/19) 39035]
2 56790 01/28/20) 53733 . OTH . B Beter lants Eample  example south enpisx Start Over
i | rociis | Metrs s | ey | Non-lowricy Ca en ar' Z rou | In ana SIS etC AubLmaS
i srd A BTG ] ] ] - [
e [ o I =y P
FECEr s %5 a4 e ;
R AB W
H
1 [ [ e
2 13/1/2015; 2245 565 9 TITEER3%.T, 2018 . Mon Jan 01 2018 00:00:00 GMT-0500 (Eastern Standard Tim 2446 0 30247 2018
3 212018 1698 a1 o 8% s 2018 ABuE LS o 1201 oo M 50 s S| 220 o \m |mw  |we
4 3172018 2,729 29 13 526 a3s 208 e 012018000 o nSendardTing | 1e56s 0| *
5 [4/1/2018 1958 43 o e T ) North Faclty Thu Mar 01 2018 060000 GMT-0500 (Eastem Stancrd Time) 27286 3 wme  amu 206
6 5/1/2018 2,788 147 18 337 arse2 208 8w Sun Apr 01 2018 0000 GHT-0400 Eastern Daylight 0 25053 20
7 612018 2678 03 a7 1 40576 2018
8 7/1/2018 2,520 76 315 o 39,755 2018 Data Map the data columns from the excel file to the appropriate data type.
9 8/1/2018 2458 76 S0 o w52 2018 Column headers will be used to create meters o predictors
ow data will be used as data entries associated with the corresponding date column and meter or predictor.
10 9/1/2018 2,234 106 533 0 46192 2018 Row dat O s o site energy data whon pasalle: ter or predict
1 10/1/2018 2312 252 2 1 35150 2018 P
12 11/1/2018 1915 370 130 192 asa7s 2018
S— Dat " Prec Unused
13 12/1/2018 1,985 568 9 492 409 2018 Feedback e e redictors e
14 1/1/2019 2,285 574 0 65 30956 2019 B adoniedgments
15 2/1/2019 1,837 418 0 848 42803 2019 & Elctricity (MMBTU) N
16 3/1/2019 2,127 219 ) 62 37213 2019 .
17 a/1/2019 2320 169 10 592 3,6 2019 C A e L
18 5/1/2019 2,820 189 a7 137 852 2019 espet
19 6/1/2019 2,361 103 10 51 46238 2019
20 7/1/2019 2,846 110 0,893
21 8/1/2019 25539 127
22 9/1/2019 2193 105
23 10/1/2019 2,385 219 . T
24 111/1/2019 1,831 447
4% ==& DBestif you want to large amounts o
B tt 26 1/1/2020 2,080 a6 U.S. DEPARTMENT OF
e er 27 2/1/200 1711 289 . .
«\ v e R DI
Plants IStoric aata
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VERIFI — Savings Analysis

1 Setup basic info 4 View results!

Regression Model | @ Annual Analysis [CRNETGIREREEE
[a] search account | B Better Plants Example = | | Backup Account | Last Backup: (—)

Natural Gas Monthly Analysis

fMrHome Hutilitypata LM Overview | Data Visualiza

B sever s e E—— R sccout arass
AubmaS :
Pick a useful name!!

lag West Faility Analysis Setup 700

ABLE LY Neme S s - o

lag South Faci Energy displayed as site or source? Source Energy Reporting Year Calendar Year 500
O site Energy Fiscal ¥

ABWE Y g iscal Year -
Energy Unit Willion British Thermal Units (MMBt v g “ e

[, g Fields set in "8 Settings' o

AR LK LA Report Year Qg Analysis Setup Electricity [l SENEYSICINCECRN @, Facility Summary | [ Account Analysis 00

North Facility 100

AB WK HG Qg Analysis Options [CSHEECIEEEERENNGENN @, Annual Analysis | ‘@ Monthly Analysis
L) o—_—

L, Upload Data

o Upload Data : Jan 2018
m Mataral Gas Rearession Mode!

? Help ——— Adjusted

@ avout Select Modeling Method Regression Model

MMBtu

Jul 2019 Jan 2020 Jul 2020 Jan 2021 Jul 2021 Jan 2022

B Feedback

W adnowledgments % Analysis Setup Electricity [l RENEIUEIKCEENN @, Facility Summary | [ Account Analysis

| Calculate Models ~ Analysis Variables Use For Analysis Regression Coeffi

Update Models oo

0

5 Roll up to corpo

WL

HDD ) hccount
N ) ) 3 Current Models Generated: 1/10/23, 3:41 PM eSO
Show Invalid Models Production D : Dy I °
Natural Gas Setup Regression Constant ‘ 102.12077304329644 ‘ A = selectracty e [N
"
1. Select Analysis Type 2. Add Baseline Adjustment odel vear ‘ 2091 v‘
s @ West Facil +ad Pl
) Absolute Energy Consumption Has Baseline Acjustement . s st Facity ety It south Facility Analysis Items
~ \al el | 8 South Facili
O Energy Intensity Additional Medzl Netes fBULE L S Analysis tem Group Analysis Last Modified
O Modified Energy Intensity y l south acity (@ fasthallty | @ southanass Hlecticiy: Energy Itensity 110723 341w ier
y . @ North Facilty Natural Gas: Regresson Analyss
@® Regression ABWE LY —————————| O skpraiy
3. Regression Model Select Model Variable Adjusted Model et £t Facility
Model Year p-Values R2 R2 p-Value Formula Model Notes AB LK HG
Use "Regression Model* tab to setup the regression madel for this group.
North Faclty
2021 HDD: Q.00 0.582  0.540 0.00 102 +(0.429*HDD) No production variable in model ABuWiE by
2 Upload Dt
= - ?
O 2021 Productiom: 0.01  0.553 0.508 0.01 880 +(-0.0219*Production) Production coef <0 ° -
About
Q reedoack
- HDD: 0.01 - Producti f < 0 mowledgment
O 2018 0501 0500 002 901 +(0.602°HDD) +(-0.0186*Production] roduction cost < ® sdoniedgmerts

Production: 0.17 AdjustedR2 < .5

@ | (EEE 0583 0.490 002 160 +(-0.435COD) =(000550 Production) oo 0 <0
= - Production: 0.09 : : ’ . Adjusted R2 < .5

us oearmenTor | Energy Efficiency &

ENERGY | renewable Enerc contnie >

U.S. DEPARTMENT OF
Better

Plants ENERGY
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VERIFI — Dashboards & Reports

H Better Plants Example

A Home

Lt overview  [OYNENES

M Reports ¥ Settings

Overview Dashboard

& custom Data H Better Plants Example A Home [ERCYSIEN

B Analysis

M Reports ¥ Settings

& custom Data

Facility Utility Usage

source Eneroy [EREN

Emissions

Energy | $ Costs

(Jan, 2021 - Dec, 2021) Facility Emissions

(Jan, 2021 - Dec,

2021)

Facility
@ East Facility
North Facility
W Vvest Facility
@ South Facility

Total

Utility Usage
(MMBtu)

133,380
110,074
80,332
20952

344,738

Utility Cost
1,561,067
5854424
1,183,089
5206964
$3,805,544

North Facility: (31.9%)

West Facility: (23.3%)

Market-Based
Facility Emissions (tonne COz¢)
@ East Facility 31328
@ West Facility 14328
North Facility 57009
@ South Facility 24003
East Facility: (38.7%) Total 53757

-

South Fadility: (.1%)

West Facil

North Facility: (10.6%) l

South Facility: (4.5%)

Better Plants Report

[ Better Plants Example

o

Mrome Woverview b analysis JESENSS

2 settings

Home Dashboard

East Facilit

Several Dashboards & Reports to

help keep an eye on energy, costs,

and decarbonization efforts

[ Better Plants Example P Liowerview  HAnaysis  BEReports @ settings @ Custom Data
smeie ey Recion s s 202 -
[ Better Plants Example T o 2o
5200, 1 Bethel Valley Rd, Osk Ridge, TENNESSEE 37830 US 5% %
] L] L &
iewscount || condesccount || canerte At || wnageaccun || uposs iy || port e
oo v || s Repors s oen ||ty o
> Latest plant Analysis: 2021
> Latest Better Plants Report: 2021
=
3 30k
2
=
=
-
@ Custom Data
- o = = -
e s sty s mem Enry e

Annual Reporting Form

GENERATED BY VERIFI
Better Plants Example
5200, 1 Bethel Valley Rd Oak Ridge, TENNESSEE 37830 Us

Basline Year
2018

Number of Participating Plants 3

Primary Energy Consumed (MMBtu)
Electricity 134028
Natural Gas 83,254
Total Primary Energy Consumed, (MMBtu) 267,262
Weather/Production/Other Normalizing related 93,708

Adjustment for Baseline Primary Energy, (+/-
MMBtu)

Baseline Adjustment Due to Increase/Decrease in 0
the Number of Facilities Reporting Relative to
Baseline Year or Other Operational Changes, (+/-
MMBtu)

Adjusted Baseline of Primary Energy (MMBtu) 360950
New Energy Savings for Current Year (MMBu)

Total Energy Savings since Baseline Year (MMBtu)

Annual Improvement In Energy Intensity for Current Year (%)°*

Total Improvement In Energy Intensity (%)°*

lude those located in the United States

*participating plants should be only

“*Please refer to the DOE's Energy Baseline Guidance document to determine changes in intensity. Improvement in performance should be

reported as a positive number.

BETTER BUILDINGS, BETTER PLANTS.

Contact Information
Name: —
Phone: —
email: —

More Features
& Reports to
comelll

as%

Better
ants
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Plant Energy Footprint Tool

DOE Advanced Manufacturing Office m QUESTIONS, COMMENTS, or ISSUES |

Description
The Energy Footprint tracks energy consumption by source, factors affecting to energy consumption, and

* Helps commercial and industrial Erory Foorint [

specific energy uses on a menthly basis for 1 or multiple years

facilities understand their energ

[ ]
Energy Consumption Tables Charnts  ECvs RV First Manth Jan
Relevant Variables ~ Tables Charts  Charts Current Year*| 2015

Energy Uses Tables Charts Number of Years 3
EnPI Table Table
- Select Energy Sources Select Relevant Variables Tracked
» Track energy consumption e ] [—"
Energy Footprint - Energy Consumption compared to Relevant Variables 1 i

SELECT Energy Source for Chart SELECT Relevant Variables for Chart [ Cocling Degree Days CDD

. .
Source |1: Electricity [ Factor _|1: Production | Cishon averageinsteadof otal 1 O Customers Served count
[ ] raC re eva l I Va rI a eS a eC I I I g Tocation, day of e ‘ e DT | [ 1[Production Hous .

+ locked [7] Heating Degree Days ~ HDD 1

[ Facility Operating Hours hours
[ ) [0 Water Usage Teal
e n e r CO S Yearly Comparison Monthy Comparison for Year: 2016 O Occupancy count
NsSumMmption oy <omoarison o vcor. HECTCH S
g y @ 1:Electricity - kWh site ‘- Relevant Variables 1: Production 1: Electricity - kWh site # Relevant Variables 1: Production D custom 2 IEﬂIl] misc
55,0000000 28500000 socames 00000 [/ custom 3 (edit) misc
"’ N - 8 | custom 4 (edit) misc
. " L ol 58000000 T 28000000 50000000 - » —" P i [/ custom 5 (edit) misc
® e I I I y S I g n I I Ca l l e n e rg y u Se rS 7o 2,750,0000 il - * used Related Factors cannot be unselected
56,000,0000 4000000 2000000
55,0000000 4 . 27000000 o
30000000 1500000
54,000,000 650,
1 530000000 = * 6 These sn=rgy
° ISCover trends and learn wnere 1o mamoms . e e
25
510000000 Energy Footprint - ENERGY USE CHARTS
50,000,000.0 25

selectyear:

focus your efficiency efforts el ——— _

250000 HAC

R -

« Requires MS Excel and enabling

Macros .

2016 2007 2018
1,000,000
£ so000
. . H
g o000 For
T b= ENERGY USES
= ki CONSUMPTION®
& 20000
H
H

https://www.energy.gov/eere/amo/articles/energy-footprint-tool i —

U.S. DEPARTMENT OF
Better

Plants ENERGY
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Plant Energy Profiler Tool (PEPEX)

Outputs

* |dentify how much energy is being
purchased and consumed and
identify and quantify potential energy iz V| e
and cost savings | -'

* Enter basic energy & production data
* System scorecards

* Energy use and costs by production
and system

* Energy & cost savings estimates
 List of energy savings measures
* MS Excel-based tool

PPPPP

Find this tool at

https://www.energy.gov/eere/amo/downloads/plant-energy-profiler-excel

Be“er EEEEEEEEEEEE

uU.s.
Plants_ ENERGY




Plant Water Profiler Tool (PWP)

Baseline Water Use .,

tar air
conditioning

fior process. facility
FACILITY BOUNDARY

4 . Om O . . i - o | N o o oW oy

| Water In ecroulated water in g Water Out ater ot for recirculation
3 steps to water and Water Balance = | et M .
30 4 30 BWater use in product fevap, boss
assessment o] l . .
g = = ol oz v = - ==

Process  Coolingfcond. Coodingf/cond.  Bailer for

Determine True
Cost of Water

W Lk o water boss

Kitchen/ Landscaping/
Restrooms

Kitchen/ Landscaping/
Restrooms  Irrigation

Process  Cooling/cond. Conling/oond.  Boiler for
for process fior air facility
conditioning

Irrigation

True Cost of Water
Heat energy in wastewater
o Pumping energy
: = Wastewater freatment
Rt
- - _— ——— « Water treatment

Kitchem/  Landscaping/ W Municipal wastewater disposal

Restrooms Irrigation

Process  Coolingfcond. Coolingfcond.  Boiber fior
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Identify Water Efficiency
Opportunities

Municipal water usage

= 50 - Potential Water Savings
an Savings from eliminating losses
30 | 70% Savings from efficient water use
0 . 7% B Reduced water use
10 i B0
%

o 4 - | weewews e — HO%—
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rofiler-tool-excel-version-10-pwpex-v10

PWP is a MS Excel tool that helps
manufacturers perform a facility level
water assessment and understand
their true cost of water.
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https://www.energy.gov/eere/amo/plant-water-profiler-tool-excel-version-10-pwpex-v10
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Implementation Guidance Toolkit

,,_ gfu$r® The "Prize" Tool .
Plants’ » Collection of tools to help

Energy Efficiency Program

To get seniormanagement attentionyou should identify the " Prize". LeGEND: H . .
< Do Nothing Tool miswillartswerme.question "Whafsinit.fcrmﬁ??."(\III\III-FM:Mar-lagement'sfa\.mritemdiostatifm] p rOJ eC S I l I I p el I Ie n a IO n
. L . The following describesamethod toidentify the "Prize". Use space in the appropriate box to plug-inthe
* Implementation Principles Checklist valuesforyour company and cal culate your "Prize". H
imamataon Pl s and communicate success
* Plant Personnel Roles and Expectations I

Sr. Task Description Calculation / Data Explanation

B ,
15 different MS Excel tools

Determine the plant's annual energy Annual energy expense of the plant is,

Igsr;:t(::;r;:z\ Post-Opportunity Identification L] expense (5) $15,000,000 515,000,000 fOC u Sed O n d iffe r'e nt Stag eS

Pre- During

Post . 3% Annual reduction in energy expense . -
. Setannual energy expense reduction goal 3 3 I m m n I n
implementation Implementation Implementation 2| ) 3 means total reduction will be 15% over

*Energy Survey *Opportunity this goal horizon.
Checklist Identification
WTo Do - «Implementation *Project Tracker

Setthe enrgy experse rdocionged Thehoronfor i nergy mancgemen * Program level
o Tracker Tool Tool *Savings Thermometer horizon in years (yrs) goal is 5 years.
i +100% Completion . Pre-id tf ti
*Prize Tool Multiply the annual expense by the re I e n I I Ca I O n

N L The projected annual savings after
4. lati | to get the $ the $2,250,000.00 T 3 . e =
Eg‘;‘g GAP ANALYSIS CHART MARY T;T;Z!Ef“a oee T e achieving this goal are: $2,250,000 ° DU rmg Identlflcatlon

Determine the plant's annual revenue or $ The plant's annual sales revenue s, ° P t H tf t
5. $200,000,000 d - d
GAP ANALYSIS OF REDUCTION TARGE Tota| Energy Consum ption sales () $200,000,000 OS I e n | ICa IOn

0% Present 70,000,000 MMBtu

- Reduction 1,750,000 MMBtu Y I I t 4 t.f 1 t
25% - Projected 68,250,000 MMB&tu 6. Determine the plant's annual net profit ($) $20,000,000 The plant's annual profit is $20,000,000 O O S O J u S I y p rOJ e C S ]
0.1% - [ .
\ track implementation

Present 2,000 MMBtu/Unis 7. | dividing annual net profit by annual reve nue 10.0% - - P amoee

e — T B progress, conduct GAP

Divide the savings (Step 4) by the margin

« Corporate Gap Analysis Tool

Pre-Opportunity
Identification

% BASELINE ENERGY
#

Implemented (USD) $120,000

(Step 7) toidentify equivalent sales $ $8,000 1
8 required to provide the same impact on the ST ©ne Time savings ) 56,000 a n a yS I S O O C u S
Cost of Delay* “bottom line” ($) aseings e b) 322

sovngs Lot Due oNon- o0 IR e implementation efforts

Implementation

*

% Energy Reduction Calculated since the date of identification 5 Determine price perunit/ size of average $10,000
Opportunity Type o Saviig Fayod | sale ($/unit) :

| Mo Cost / Low Cost Eneray Adtions Items 0.3% $25,000 $950,000 00 - - B
Divide equivalentsales S (Step 8) by unit E:
| LowCast / High Return Energy Actions Ite ms >> 0.1% $35,000 41,055,600 0.0 10. | price (Step 9) toidentify equivalent unit 2250 =
sales
| capi i 0.1% $1,400,000 | $342,800 41
| Productivity Enrey Actians items 0.6%

'The Prize' of the annual energy reduction of 3% is §
increased revenue of $22,500,000 or sales of 2,250

U.S. DEPARTMENT OF
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https://betterbuildingssolutioncenter.energy.gov/better-plants/implementation-guidance-toolkit

Plant Carbon Footprint and Decarbonization Assessment Tool

= Enables users to create and analyze
baseline emissions for facility and at

SySt em I ev el Facilit I.Sec\::eErlnissions
« Scope 1 - i
« Stationary, Mobile & Fugitive
« Scope 2 — .
«  Purchased Electricity
(Location & Market based), Sope? |
*  Other Purchased Utilities S Ko
(steam, chilled water, compressed air) o B ——
* Future Updates { S

System Level Emissions

° sil Fuel Boiler
0-Gen

Fos:
+ CHP/C

h 4
Facility Baseline Emissions

E

— CO,, CH,, N,O, Biofuel E

System
Emissions

V.08
A

-l

* Provide users the ability to evaluate
decarbonization scenarios and perform
techno-economic analyses

e MS Excel-based tool

Find this tool at

https://energyefficiency.ornl.gov/tools-training/

¥ Better
Plants
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Decarbonization Action Plan Tool

Showcase Plant Name: Elwood Facility
‘Scope of Emission Description Energy Source (MMBTU) Energy Cost ($) €0, Emission (Metric Ton) Carbon Emission, Cost and Energy Use By Scope
Scope 1 Emission 15,000 7,000 5,000
Scope 2 Emission, 3876
Stationary Emission 15000 7,000 5,000 o2 Com 23,
Natural Gas 15,000 7,000 5,000 cope et " " " ]
Mobile Emission - - = Enery, 40% I S II l uStl Ia pal tI Iel S II I

Scope 1 Enerey, 60%

Eugitive Emission Scope 1 Cost, 1% n M n
Scope 2 Emission 10000 4,500 5,000
Purchased Electricity| 10,000 4,500 5,000
Scape 1 Emission, 625
Other

Scopel  Scope2 = other

Pillars of Decarbonization ‘Opportunity Barrier

5 5 L} L
Scope 1 Emission Roadmap
Energy Efficiency 15% 30% 5,000
Low/No Carbon Fuel Switching| ™% 8000 ?é’@,§;

-
frero

Co-Generation 7,000

r
]
=
| ]
s |
o e § eo0 | (se0] N ngn
£ = AN
% 5000 | (g00) YL - 5010
Process Tansformtan s g taco) |
£ L]
§ 400 | ]
Renewable Purchase from o 2 = - [}
Utility £ 3000 BN -
H | | ]
Renewable Energy as PPPA| 15% | | |
2000 | |
| -
|
Renewable Enerey as VPPA 100 | | L] LI
L] |
Renewable Credits (RECs) 30% = = .
c = £ < FEr - g s 5 £ 5 5
S £ 2 2 e & § g & 5 s 5 § £ 8§
Onsite solar or renewable| 3 £ 4 0§ % § & 5 B 3 5 ; § 8 £ & 3
20% E 2 ¥ 5 ¢ £ v 3 o= = g =2 £ £ 5 £
energy generation a £ il H £ ¥ i sz i 2 5 £ & &
T 8 § ¢ & 2§ §F 8 8 8 E s g
Energy Storage| I - - - T S £ " "
R £ = o 3 g 8 2 E
Carbon capture and g £ 3 3 5 0F e &
’ H g f i @ 2 £
g I s £
Fleet Electrification & = = =

BARRIERS (Rating low to high: 1 - 10) Net Metric Ton of Carbon Reduction road I I la p

 ldentify barriers faced on their
journey to low carbon future

« MS Excel-based tool
Find this tool at

In Progress

Corporate Financing Elwood Facility Completed

Other

Qfccess to data

renshaw Facility Completed

. . } Elwood Facility In Progress
ngaging employees, N
gaging employ Perform engineering analy:
occupants, and customers

renshaw Facility

x =
ORNWRNON®©OO

. haw Facilit
Quantifying Carbon Reduct renshaw Facility

Renewables Purchase@. Potential

Elwood Facility

Lack of inhouse/external Lack of fuel switching
expertise technology

renshaw Facility

Lack of electrification

technology Elwood Facility

https://energyefficiency.ornl.gov/tools-training/
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Upcoming SWIFt Resources
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New Additions:

Wastewater Energy
Management Toolkit

Energy Capture, Energy Efficiency, Advanced Data

Based on the work done
\ Management, and Resource Recovery

during SWIFt, these
new documents, tools,
and resources are
designed to support
wastewater facilities WRRF
beyond SWIFt’s time.

Decarbonization Roadmap for

To learn more or access
available SWIFt 50001 Ready Strategic Energy

recordings and material Management Sample Plan
go to:
https://bptraining.ornl.gov/swift/
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Opportunities for
Wastewater Facilities
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Net-Zero Energy VIPLNT Series

Launching this Fall 2024

Designed to help wastewater treatment facilities achieve net-zero energy
consumption through energy efficiency measures, infrastructure FIeTE]

improvements, and benchmarking energy use. Efficiency
Measures

This series will operate with the intention of helping wastewater
treatment facilities realize tangible changes and developments to help

their facility achieve energy neutrality. Net-Zero
Energy

Consumption

The VIPLNT series will host sessions with subject-matter experts and
provide opportunities for peer-exchange and engagement.

Infrastructure Benchmarking
Improvements Energy Use



One-on-One TA

Work with our extended team.

WNTRE

1LY, DERAA TIEMT CF ENEAEY Water Networlk Tool for Resilience

Industrial
< > Assessment
Center

Industrial Onsite Energy TAPs Wastewater Infrastructure

Assessment Centers Resilience
Free assessment that identifies energy As leading experts in CHP (as well as Provides systems level modeling

saving recommendations. IACs microgrids, heat to power, and district energy) which integrates network structure,
typically identify more than $130,000 in Onsite Energy TAPs work with sites to screen operations, and performance to
potential annual savings opportunities. for CHP opportunities as well as provide quantify how utilities are impacted by

advanced services to maximize the economic disruptions.
impact.

U.S. DEPARTMENT OF ENERGY OFFICE OF STATE & COMMUNITY ENERGY PROGRAMS



Continuing on with DOE’s Better Plants Program

Voluntary and free to participate

Partners set long-term strategic
goals

DOE works with you to achieve your
goal

U.S. DEPARTMENT OF ENERGY OFFICE OF STATE & COMMUNITY ENERGY PROGRAMS



Why Partner with Better Plants?

Technical Peer-to-Peer
Assistance Networking
Opportunities
Access to DOE
National and National
Recognition Lab R&D

U.S. DEPARTMENT OF ENERGY OFFICE OF STATE & COMMUNITY ENERGY PROGRAMS



Wastewater Specific Partners

ENCINA

WASTEWATER
AUTHORITY

Better % Wi €

Waler You Can Trust for Lite
U.5. DEPARTMENT OF ENERGY

@ KENT COUNTY
If you are interested in : ‘” DEPARTMENT OF

joining Better Plants, ity of Phoenix pBHIE WoREs

please visit SERVICES

Join | Better Buildings ' Charleston

Initiative (energy.gov) @& Water System i LA _Elatied®
: m Water & Power

Or reach out to —— |

betterplants@ee.doe.gov BOSEDYILLE

e miami-dade ﬁ
=1 v & Environmental MIAMIDADE
o L & Protection COUNTY

U.S. DEPARTMENT OF ENERGY OFFICE OF STATE & COMMUNITY ENERGY PROGRAMS



https://betterbuildingssolutioncenter.energy.gov/better-plants/join
https://betterbuildingssolutioncenter.energy.gov/better-plants/join
mailto:betterplants@ee.doe.gov

Thank You for Joining
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Questions?

Follow us on Twitter
@BetterBldgsDOE

Better Buildings Solution Center
https://betterbuildingssolutioncenter.energy.gov/

General Inquiries
stateandlocal@ee.doe.gov

Program Support
sharman@ornl.gov
lemarpl@ornl.gov

Better
@ Buildings’

Thank you for joining us!

For more information, contact:

Nina Wuerch
U.S. Department of Energy, SCEP

Christina.Wuerch@hqg.doe.gov

Naushita Sharma
Oak Ridge National Laboratory

sharman@ornl.qov

ENERKGY


https://betterbuildingssolutioncenter.energy.gov/
mailto:betterbuildings@retechadvisors.com?subject=July%208th%20Webinar
mailto:ksanderson@retechadvisors.com
https://betterbuildingssolutioncenter.energy.gov/
https://twitter.com/BetterBldgsDOE
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