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Water Virtual Training Agenda

= Week 1 (June 16t") — Introduction to Industrial Water Assessment

= Week 2 (June 23"9) — Understanding System Level Water use

= Week 3 (June 30%") — True Cost of Water

= Week 4 (July 7th) — Water Quality and MEASUR Tool Working Session
= Week 5 (July 14th) — Identifying Water Savings Opportunity

= Week 6 (July 21t") — Virtual Water Treasure Hunt

= Week 7 (July 28t") — Estimating Water Savings Opportunities

= Week 8 (Aug 4th) — Industrial Water System VINPLT Wrap-up Presentations
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Review — Session 1 to 3

= \Water Risks

= |ndustrial Water Assessment

= Step 1 - Water Baselining

= Step 2 - True Cost of Water

= Step 3 — Water Quality Characterization

= Step 4 - Identifying water savings opportunities

= Water Baselining
= Plant Water Flow diagram
= Data Collection (system level and facility level)

= True Cost of Water
= Data Collection (water intake, discharge, treatment and embodied energy)
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Example Facility — With Data (From Session 3)
F’ - $1.46/kGal

76.1 $0.33/kGal 72.3
. _ Hot Dip Galvanizing ‘Metered Data
- Line
Total Pumping - $57,181 126.1 $0.114/kGal 12.6 . Estimated Data
Steel Treatment $0.06/kGal
Lake W >
ake Water gl O Line 1 and 2 227 299.8 M($2.00/kGal
202.2 MGY _
.126_1 N Steel Treatment Industrial Sewer
il Line3and4
12.6
$1.72/kGal 49.2 $0.195/kGal 2.1 MGY $1.24/kGal
Cooling Tower
171.7 MGY Total Pumping - $68,617
0.2
‘ Sanitary Uses
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Agenda — Session Four

Today’s Content:
= Water Quality and Compliance
» MEASUR Water Assessment Module - Overview

= MEASUR Water Assessment Module — Working Session
= Q&A
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Dr. Naushita Sharma, Oak Ridge National Lab

Qualification

= Ph.D. (2021) | Environmental Engineering | School of Sustainable Engineering and
The Built Environment, Arizona State University

= M.S. (2018) | Civil, Environmental and Sustainable Engineering | School of
Sustainable Engineering and The Built Environment, Arizona State University

= B.Tech. (2017) | Mechanical Engineering, Department of Mechanical Engineering,
National Institute of Technology

» Certified Energy Manager (2025 — present) | Association of Energy Engineers

Professional Experience

R&D Staff (2023 — present) | Oak Ridge National Laboratory

Water Resources Engineer (2021 — 2023) | Jacobs Engineering Group
Faculty Associate (2019 — 2023) | Arizona State University

Adjunct Faculty (2022) | City College of New York
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Purpose of Water/\WWastewater Treatment

Process Requirements: Process and product specifications determine
required input water quality and therefore required pre-process water treatment.

Regulatory Compliance: Many industries must treat wastewater to meet
federal/state/local environmental regulations before discharging it into public sewers
or natural bodies of water.

Recycling and Reuse: Treating water to determined desirable standards
allow for recycling and reusing within the plant, contributing to volumetric water
savings goals and lowers operational costs.
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Water/Wastewater treatment in a manufacturing facility

Color key

[] Source water

[] water treatment

[] Production / utilities
[] Wastewater treatment
[] Compliance

[] Recycle / reuse

.

[ Manufacturing Facility Boundary J

LOSSES / RESIDUALS

Evaporation
Product carryout
Sludge / concentrate

MANUFACTURING

PRE-PROCESS WASTEWATER
WATER TREATMENT PROCESSES & UTILITIES S AR TREATMENT
SOURCE Filtration Pr:i(::;frt‘ion > STREAM SEGREGATION pH control
Ll RO/DI Cooling Separate by flow Metals removal
Softening Bollerg am? water yuallt Qil/solids removal
Chemical treatment . q y Organics treatment
Cleaning
- ) ‘ v
COMPLIANCE
MONITORING DISCHARGE
Permit limits
Sampling/reportin Publilclsewert
RECYCLE / REUSE Federal/state/loca r receiving wate
TREATMENT & POLISHING requirements
Fit-for-purpose quality
Treated effluent or
segregated streams
Solid arrows: primary flow
Dashed arrow: segregated stream reuse
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Process Requirements
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Typical Source Water Characteristics

Parameter Unit Municipal water Surface water Groundwater Industrial significance
oH standard units 6.5-8.5 6.0-9.0 6.5-8.5 Corrospr?,. scaling, treatment chemical demand, process
compatibility
Hardness mg/L as 50-250 20-200 50500+ Scaling in boilers, cooling towers, heat exchangers, RO,
CaCOs; and process systems
Conductivity uS/em 200-800 50-800 200-2,000+ Indlcator.of Q|_ssolved salts, TDS, salinity, RO need, and
reuse suitability
TSS ma/l <5 5 500+ <10 F|Itratlon/clarllflcatlon loading, fouling potential, solids
removal requirements
Turbidity NTU <0.3-1 1-100+ <1-10 Par:tlcgllate/collmdal loading, filter performance, seasonal
variability
Iron (Fe) mglL as Fe <0.1-0.3 <011 0.1-10 Foullng, stalnlrjg, membrane plugging, resin fouling,
deposit formation
Silica mg/L as SO, 5 o5 2_30 5 60+ Boiler scall_ng, RO recovery limitation, cooling tower
concentration limits

**Values are representative screening ranges for U.S. industrial source-water evaluation and should not be interpreted as design limits or compliance thresholds.
Site-specific sampling is required before selecting pretreatment, reuse, or wastewater management strategies.
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Measuring Water Quality

Online sensors: continuous monitoring for real-time control and alarms
= pH, turbidity, conductivity, temperature, oxidation-reduction potential, dissolved oxygen

Spot measurements: quick field checks using handheld meters
Grab samples: single-point samples for specific conditions or troubleshooting

Composite samples: time- or flow-weighted samples for representative
wastewater quality

Laboratory analysis: validated testing for compliance, metals, organics, solids,
and detailed chemistry
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Common Water Quality Measurement Practices

= What we use during our

In-Plt Trainings for spot .
measurements
= Drinking Water Quality s

Test Strips ;_‘

= Multi-parameter water
quality analyzer

|

o 3 - 2 5 -
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Water Treatment for Process Requirements

Water Type Typical Water Quality Treatment Process Industrial Applications
Total Conductivity
Dissolved (uS/cm)
Solids (mg/L)
Softened 50-200 100-500 Chemicals and/orion |+ Food & Beverage (cleaning, rinsing)
exchange « Automotive/Metal Finishing
« Cooling towers
* Pretreatment for boilers/Low pressure boilers
« HVAC
Filtered 50-150 10-200 Reverse osmosis (RO; |+ Boilers
single-pass) * Recirculating cooling systems
« Chemical/on-site laboratories
» Electronics manufacturing
Deionized 5925 5-10 lon exchange « Chemical/on-site laboratories
RO + chemicals  Food & Beverage (liquids)
* Pharmaceuticals
» Electronics manufacturing
* Precision manufacturing in Automotive/Metal
Finishing
Ultrapure <5 <5 Multi-pass reverse » Semiconductor
osmosis, ultra- or * Pharmaceuticals
nano-filtration
P Better
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Basic Water Treatment: Softened Water

= Quality target: reduce hardness-driven scaling while maintaining stable,
cost-effective water chemistry

= Treatment types
= Screen/filter: Remove grit and solids via sand-filtration, activated carbon
= Softening: hardness (Ca/Mg removal)
= Chemical Addition: pH, corrosion, biological growth adjustments

Better U.S. DEPARTMENT OF
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Intermediate Water Treatment: Filtered/deionized Water

= Quality target: consistent low-solids and low-ionic-strength water for process
reliability and product quality

= Treatment Types
= Filtration: media based (ion-exchange/granulated activated carbon)
= Reverse Osmosis: membrane-based filtration

Better U.S. DEPARTMENT OF
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Advanced Water Treatment

Ultrapure Water/Specific process water requirement

= Quality target: water quality is defined by the most sensitive process/product
specification, not by source-water quality alone

= Multi-staged process:
= Primary Filtration.
» Reverse Osmosis/lon-exchange
= Electrodeionization/mixed-bed ion-exchange
= Disinfection via UV or non-chemical based

EEEEEEEEEEEE
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Water Quality Characteristics

Parameter g::::r::lr::]ngt Impact Meal:t‘;rte?:nen ¢ Treatment Technology
Hardness Calcium, magnesium | Scale formation on equipment and mg/L as lon exchange, lime softening, scale
ions pipes CaCQO3 inhibitors (e.g., phosphonates)
Conductivity (TDS) Dissolved ions Enhances corrosivity, affects MS/cm Reverse osmosis, deionization,
processes corrosion inhibitors
pH Acids, bases Can lead to corrosion or scaling pH scale Acid/base neutralization, corrosion
inhibitors
Specific lons Natural sources, Corrosion, toxicity, taste issues mg/L Reverse osmosis, ion exchange,
(Chloride, Sulfate, industrial discharges, activated alumina, corrosion
Fluoride) water treatment inhibitors
chemicals
Total Suspended Soil, organic matter, Clogs filters, harms aquatic life mg/L Filtration, sedimentation, chemical
Solids (TSS) oil and grease flocculation
Turbidity Suspended solids, Blocks light, carries pollutants NTU Filtration, sedimentation,
soil, organic matter, flocculation
oil and grease

18
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Wastewater Management Drivers

* Discharge Pathway: Requirements depend on whether the facility discharges
directly to surface water or indirectly to a publicly owned treatment works (POTW).

= NPDES Permit Limits: Direct dischargers must meet effluent limits specified in
their permit. Limits are typically based on available treatment technology and/or
protection of receiving-water quality.

= State/Local Compliance: State environmental agencies often administer NPDES
programs, while local sewer authorities may impose additional limits for discharges
to POTWs.

= Categorical Pre-treatment Standards: Industries that discharge into municipal
sewage/POTWs.

= Cost and surcharge exposure: \Wastewater management driven by treatment
cost, sewer fees, surcharges, and disposal costs.

EEEEEEEEEEEE
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Typical Wastewater Management Configurations

Configuration 1: Sanitary Separate; Process Wastewater Treated

Sanitary N POTW /
Wastewater Sanitary Sewer

Process R Onsite WWTP / > Permitted
Wastewater Pretreatment Discharge

Configuration 2: Stormwater + Sanitary + Process Wastewater Mixed

Stormwater
Combined .
Sanitary Collection / | Onsite WNTP |}——») T:gg{gve
Wastewater Equalization
Process
Wastewater
‘ Better U.S. DEPARTMENT OF
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Typical Wastewater Management Configurations

Configuration 3: Segregated Waste Streams Before Treatment or Reuse

High-strength / Targeted
Metal-bearing Pretreatment
Stream [ Final Outlet /
Qily / Segregation Reuse / POTW /
Solvent-bearing by Quality/Risk Recycle Reuse Header
Low-strength / WWTP /
Clean Rinse Discharge

Configuration 4: Third-Party Disposal

Concentrated /
Hazardous / > Tank / Manifest / Off-site Third-party
Noncompatible Container Shipping Record Treatment Disposal
Stream

Be“er U.S. DEPARTMENT OF
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What does Regulatory Compliance typically look like?

Applicable Standards: Local Limits

p Concentration
arameter (mglfL}

Daily Max
Limit (mg/L)

Cadmium, Cd <0.00027
Chromium, Cr 0.00063
Copper, Cu 0.015
Lead, Pb 0.026
Nickel. Ni 0.0083
Silver, Ag <{.00053
Zinc, Zn 0.045

pH (field) 8.52

0.42
6.30
6.00
0.62
2.18
1.34
1.23

Between 5.5-9.5 SU

BE An official website of the United States government Here's how you know v

V1 = o A a
t tect
N7 S e @acho.epa.gov ek

Environmental Topics Laws & Regulations Report a Violation About EPA

ECH () Enforcement and
Compliance History Online Login ContactUs

o\ Quick Search QuiCk Search

Search Options Search By
s
]
Analyle Uk ‘ Enter city, state, and/or zip code m

More Search Options
.ﬂ_ﬁ Find EPA Cases
Use EPA's Enforcement and Compliance History Online website to search for facilities in your

community to assess their compliance with environmental regulations. You can use ECHO
Data Services to:

e Search for Facilities % .‘ x
s

* Investigate Pollution Sources

Help Read Watcha  Explore
— « Search for EPA Enforcement Cases the Video the Tool
* Examine and Create Enforcement-Related Maps Quick Tutorial Guide
‘ Bet News * Analyze Trends in Compliance & Enforcement Start
‘ P|a| Data Guide
S. DEPARTM

Permittee Name NPDES Permit No. EPA Lab Code
o Chemistry/Microbiology Analyte Chechklist
“EPA | DMR-QA Study 45

| 2025

Analyte
determined by
state-certified

lab*

| Laboratory's Graded Result
Test Method Number Used Not Acceptable
Shaepe Required (Optional) (c tive Action
| Required)
Microbiology

E. coli, MF or MPN

Fecal Colifarm, MF or MPN

Total Coliform, MF or MPN

Trace Metals

Aluminum

Antimony

Arsenic

Barium

Beryllium
o

Chromium, total

Chromium, hexavalent

Cabalt

Copper

Iron

Lead

Manganese

Mercury

Mercury (Low-Level)

Nickel

Selenium

Silver

Thallium

Vanadium

Zinc

Demands

o
a
2
8
IS]
]

5-day C BOD

ity, total (CaC0a)

Chloride

Fluaride

Hardness, total (CaCO.)

Specific conductance (25°C)

Sulfate

Total Dissolved Solids (180°C)

Nutrients

Ammaonia as N

Nitrate as N
Nitrite as N

Orthopt as P

Trtal Kialdzhl Mitraman ac b

https://www.epa.gov/npdes/about-npdes
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Wastewater Quality Characteristics

Contributing Unit of
Parameter Contaminant Impact Measurement Treatment Technology
Turbidity Suspended solids, Blocks light, carries pollutants NTU Filtration, sedimentation,
soil, organic matter, flocculation
oil and grease
Biochemical Oxygen | Organic matter, food Indicates potential oxygen mg/L Activated sludge, trickling filters
Demand (BOD) waste, oil and grease depletion
Chemical Oxygen Organic and High pollution levels, treatment mg/L Chemical oxidation, biological
Demand (COD) inorganic pollutants, challenges processes
oil and grease
Nutrients (Nitrogen, Agricultural runoff, Causes eutrophication and algal mg/L Biological nutrient removal,
Phosphorus) wastewater, blooms chemical precipitation
fertilizers
Toxic Organic Pesticides, solvents, Hazardous to health and mg/L or pg/L Advanced oxidation, activated

Compounds

industrial chemicals

environment

carbon, bioremediation

U.S. DEPARTMENT OF

ENERGY
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Wastewater Quality Characteristics

Parameter (C::::::r:Trt\Ianr?t Impact Mealizl:e(::\en ¢ Treatment Technology
Hardness Calcium, magnesium | Scale formation on equipment and mg/L as lon exchange, lime softening, scale
ions pipes CaCO3 inhibitors (e.g., phosphonates)
Conductivity (TDS) Dissolved ions Enhances corrosivity, affects pNS/cm Reverse osmosis, deionization,
processes corrosion inhibitors
pH Acids, bases Can lead to corrosion or scaling pH scale Acid/base neutralization, corrosion
inhibitors
Specific lons Natural sources, Corrosion, toxicity, taste issues mg/L Reverse osmosis, ion exchange,
(Chloride, Sulfate, industrial discharges, activated alumina, corrosion
Fluoride) water treatment inhibitors
chemicals
Heavy Metals Industrial discharges, Toxicity, bioaccumulation mg/L or pg/L Chemical precipitation (ferric
mining runoff chlorides), ion exchange,
Adsorption (activated carbon)
Total Suspended Soil, organic matter, Clogs filters, harms aquatic life mg/L Filtration, sedimentation, chemical
Solids (TSS) oil and grease flocculation

Better U.S. DEPARTMENT OF
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Mapping facility water sources to sinks

Limited Reuse

[
[
} eee.
L
\
|
[

Multiple Fencelines — Poor Water Efficiency

Supply Cost
Discharge Cost
Incentives for
Lower Water Reuse

Legend
vwcn Water 5 . o2e. O Water
= -~ Discharge [—— Water Reuse Process m Cooling
Sourc —_— ) ) i
==y S Systems I\ System @ ~ Boiler ﬁr::ggg;d
Better @

*Thickness of the arrows are qualitative representation of the
volumetric flows

Plants 27

S. DEPARTMENT OF ENERGY

o
Check w )  Compare
water water quality
quality targets
Blowdown Fit-for-Purpose
Treatment &
Reverse Evaluation
Osmosis =
Reject Water
1D
Process Rinse /
Water (final cateu
level, clean-in- alculate
Reuselor True Cost
place) Discharge? of Water
Non-contact
\cooling return
»)
>

Expanded Fenceline

Treatment Cost

Discharge cost

Reduced Discharge

Single Fenceline — High Water Efficiency
Operational
Costs Energy Cost

Chemical Costs

Higher

Sharma, N., & Lemar, P. (2026). Redrawing facility boundaries to promote
industrial water reuse. Nature Reviews Clean Technology, 2(5), 323-324.

U.S. DEPARTMENT OF

ENERGY



Best Practices

= Knowing the process requirements from water quality perspective

= Coordinate and communicate the manufacturing process operations
with environmental compliance group and treatment vendors

= Segregation of process wastewater streams

= Measurements and awareness of water quality at treatment reject
streams, post-wastewater treatment

= Coupling flow measurement areas with water quality measurements
= Stormwater segregation and management when possible

Better U.S. DEPARTMENT OF
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DOE Industrial Software Tools

Designed to help energy and sustainability teams identify savings
opportunities in their operational energy usage and emissions

\.

Energy Systems

n%“ o‘

MEASUR

Electrification for Decarbonization
Compressed Air Scoping Tool

Enerqgy Management

e

VERIFI
50001 Ready Navigator
Energy Footprint Tool
Plant Energy Profiler
Implementation Guidance Toolkit

.

4 Carbon, Water, & Waste )

Plant Water Profiler
Plant Carbon Footprint &
Decarbonization Assessment Tool
Carbon Emissions Calculator
Waste Stream Energy Content

Better
Plants_
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Software Tools help implement energy projects

50001 Ready Navigator VERIFI

Energy management
 Resources
 Track progress

-

¢

v
MEASUR

System energy use

* Industrial System
Analysis

* Treasure Hunts

* Inventory

Facility energy use

« Utility bill tracking and analysis
« Utility/ GHG savings analysis

Additional impacts

* Financial &
performance metrics
impacts of energy
projects

Better
Plants_
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MEASUR is an Integrated Energy Assessment Tool

Helps identify, assess, and quantify
energy savings opportumtles In
operations and energy support
systems.

 FREE & Open source, cross-platform tool

» Technology and vender agnostic
» Desktop/Mobile; Windows, Mac, Linux, Android

* Private data & Global useability
e Data is stored on *YOUR* device

» Key User Features
» Similar workflow for all assessment modules
» Graphs, figures, accessible help text & examples

* Regular updates

©cNErGY
Energy Efficiency &

Renewable Energy
o

W

O MEASUR

Welcome 10 the most efficient way 1o manage and optimize your facliies’ systems and equipment.

E gyE

ENERGY -

Find this tool at
https://measur.ornl.qov
https://industrialresources.ornl.gov

Better
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EEEEEEEEEEEE

ENERGY



https://measur.ornl.gov/
https://industrialresources.ornl.gov/

MEASUR v0.10.0-beta is now available!! %

Finding MEASUR ey ™ MEASI

u u Welcome to the most efficient way to manage and optimize your facilities' systems and equig nent.
= Off |C|aIIy released March 2022
Home

Create an assessment to model your system and find opportunities for efficiency or run calculations from one of ouriany

= Automatic notification of updates if
connected to the internet

f rty and equipment calculators
Get started with one of the following options

; / N\
(;« \}

Create Assessment Properties & Equipment Calculators
tem and ex Itiple optimizatior senerate detailed properties and test ty of

Create Pump Assessment & General i Process Cooling
formerly DOE Pumping System

@ Compressed Air @ Process Heatin
Assessment Tool (PSAT) P 9

€ 10°

i Fans 8 Pumps
Create Process Heating i Lighting @ Steam
Assessment el - i
= Please report bugs to ey B8 @V
Assessment and Survey Tool
(PHAST)
e a S u r h e I @ O rn I OV Create Fan Assessment
D Z - q formerly DOE Fan System
Assessment Tool (FSAT)

Inventory Management g

Create Steam Assessment
formerly DOE Steam System

= Download from DOE or GitHub
= Uninstalling will delete your —
assessments! Download here:

= |f using online — https://industrialresources.ornl.gov
Or Google “MEASUR”
Web version: https://measur.ornl.gov/

Modeler Tool (SSMT)

u
Create Motor Inventory
based on DOE's MotorMaster+ y &
Create Treasure Hunt tool g

Energy efficiency calculators for

= Clearing cache will delete your
assessments!

U.S. DEPARTMENT OF
# Better
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mailto:measur-help@ornl.gov
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MEASUR’s Modules

D & ¢ bl a = &

Pump Compressed Air Process Heating Fan Steam Treasure Wastewater Water Maotor Pump
Assessment Assessment Assessment Assessment Assessment Hurit Assessment Assessment Imventory Imventory

& -

Compressed Air Data

rventory Exploration

= 7 Assessment Modules

= 1 Diagram Module — Water

= 1 Data Exploration Module — Compressed Air

= 3 Inventorying Modules — Pump, Motor and Compressed Air
= Treasure Hunt Module

= 380 calculators

EEEEEEEEEEEE
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System Setup

=y ReheatFumace

=N Fuel-fired

Last modified: Nov 16, 2021

n Assessment Settings n Heat Balance

a Aux Equipment

RCERTLY Assessment  Diagram  Repo

o Design Energy Use a Metered Ene

REHEAT FURNACE SETTINGS

Language
Currency

Units of Measure

Energy Result Unt

Select Energy Source Type

Common Resul Unit
Common Fuel Unit
Common Electricity Unit
Common Steam Unit

Equipment Notes

Fuel fired
Electrotechnology
Steam-based

Million:
Millions British Thermal Units (MMBtu

Millions British Thermal Units (MMStu)

Operating Conditions at time of Assessment

The furnace was running at the full load capacity during the PH assessment

Start with current equipment and operations -

Baseline

Fan1
Last modified: Nov 15, 2021

n Assessment Settings o Operations e Fan and Fluid
MOTOR
Line Frequency 80z
Rated Motor Power
Motor RPM 1785

ciency Class

Rated Voltage

Ful.Load Amps

System Setup Assessment Diagram Report Sankey Calculators

. Motor

B Fieid Data

|| | &
HELP
Motor Help
Enter measured data to caiculate your SyS-IC!H'S annual savings potential
Motor RPM
&
Standard and Energy Eficient Motors
Motor Size Miaimum Maximum
60 Hz 540 rpen 3600 rpm
50 He 450 rpen 3000 tpm
Premium Efficient Motors
Motor Size Miaimum Maximem
60 Mz 1080 rpen 3600 rpm
50Hz 500 rpen 3000 cpm

* Assessment Settings: Set units and basic assessment settings

e Assessment Specific Tabs
e Data Entry for baseline assessment

e Intermediate Results
e Help text for each data entry field

N
e

Better
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S. DEPARTMENT OF ENERGY

U.S. DEPARTMENT OF

ENERGY



Assessments

Explore energy savings opportunities — T e D v s e

Last modified: Sep 23, 2020

Explore Opportunities  Modify All Conditions All Opportunities
1Add Scen
Novice View Expert View Selected Scenario
Operations ® Charge Materials @ Flue Gas @ Fixture Wall©® Cooling® Atmosphere Opening® Leakage @ Extended Surface Other
Improve Beit, Motor and Pump Eff —
S BASELINE ALL OPPORTUNITIES RESULTS HELP NOTES
RESULTS SANKEY HELP & r _ Energy LossiUse Baseline All Opportunities
rating ours 1 ti = 1 I
Basaling Improve Bak, Motor and Pump Ef per=tng 6 |6912 Operating Hours i |6912 MMBtu/hr MMBtu/hr
Fuel Costs 5 Fuel Costs 5 Charge Materials 143.56 128.20
T Fixtures, trays etc. —_— —_—
- Steam Costs 8 1 8
Modification Name mprve @ Pump Ef Percent Savings (%) - ’ Steam Gests o Wall Losses 747 3.50
- 320% Electricity Costs 0.05 Electricity Costs 0.05 Cooling Losses. 24.16 24.16
Pump efficency (%) 635 867 Implementation Cost Atmosphere Losses —— E—
# Install More Efficient Drive Mator rated power (hg) 200 200 Opening Losses 281 1.56
Bascing v v : i s
Freee o — o Pump shaft power (np) 1363 99 Leakage Losses 326 163
et T Mator efficiency (%) 638 64 Extended Surface Losses — —
# Install Mora Efficient a2y 743 Other Losses —— ——
Baceine P z - Total Net Feat Required 18127 159.06
o i Motor current (amps) 164 242 Available Heal (%) 59.2% 64.0%
w72n Motor pawer (KIY} 3 773 Flue Gas Losses 124,82 89,60
Annual Energy (MWh) 950 7
e = 5 Exothermic Heat from Process — e
' ow rate a prosmp bype. Cick “Mincwe Efficiemcy Annual Cost $49.494 $33,864 Gross Heat Input 306.09 248.65
" Annual Savings. = 515,830

Reduce System Flow Rate

Reduce System Head Reguirament

Adjust Operational Data

# Install More Efficient Motor

Baselne Efficiency Class jency Class

Back Next View Report

= Explore Opportunities: build scenarios from pre-established energy
savings measures

= Modify All Conditions: build scenarios using same forms as baseline
= Badges and field highlighting for visual cues

Better U.S. DEPARTMENT OF
Plants ENERGY
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Reports

View side-by-side comparison of all scenarios and
graphs for data visualization

. Steam Example ’ 5
System Setup Assessment Diagram Report Calculators .
|f§ Last modified Sep 22, 2020 — @ Process Heating - Fuel Example Print
a N RESULTS Fuel-fired SR
Baseline . st Modified Sep 22, 2020, 10:44:34 AM
;
77.3 MMBtuihr #1023 Ko Click-on and equipment and for more SNAMSLS | ot A
details. Steam Generated Energy Used  Executive Summary ResultData  Report Graphs = Sankey ampies Pt
410.2 kibvhe Pump Example L
Total Operating Cost ' e
8.37 kib/hr 526277015 Energy Loss/Use Baseline Individual Opportunity 4 - Reduce 02 level il
50 Kibnr MMBtuhr MMBtu/hr ResulDala  ReportGraphs  Sankey  Inpul Summary  Facily Info
25 kibh i - —
0.3 MMBtu/he i B— Fu s Charoe Materiais 14356 14356
e Fusl Use
B 100 kibihr R 260.23 kibihr Lol ff Fodures. trays eic St
Wall Losses 747 747
- I B = L otol Motor Losses
/HP to MP HP 1o LP s = Cooling Losses 2416 2416 M,l;rq;:sas o
Ty t e e . B ==
Eiecticity Cost 52 Opening Losses 281 281 71%
0
22534 KW & 11,554.2 KW W rem e Leakage Losses 326 326
150 psig 3 Process Meke Up Water Recpied 162 Extended Surface Losses —_ - Useful Output useful Qutput
100 kibmr |_Usage Maks-up Water Cost sifl  Other Losses B 64.3% 60%
63 MMBtne Total Net Heat Required 18127 18127
View Wore Cost Deails

Compressed Air Example
P & System Basics w Diagram Report Calculators
Last modified Nov 16, 2021

100 kibvhr
O i System A: it
20psig > Pracess Setup Profie Profie Summary Tacle  Profile Summary Graphs e ysrem Assesemen
) A 200 kibhe | Usage
0.42 Kibihr PRty Weekday ~
~
PN 1186 Kibhr . 602 @ Fan Example Baseline System Gapacity Overall System Assessment System Gapasily
( " Z13467 w e e sy capacky B Comoreseor o B compressor ¢ B comprossors B comprosior s T b pr—
193.42
@ ResultData  ReportGraphs  Sankey | InpulSummary  Facilty Into
o 000
358.79 Kibihr B
Baseine Reduce Prassare and Flow Optimize E
B L LT T LT T T T T e P T PP P PP T T T T T T T P P P T
g 78.20
# wn
Povcant Savings (%) - ' . 8
o g 11.30 10.86
21% 16% 2 1000 CYTNERIER) corpresor) : .
" n : IO - ¢ i Drive Losses Pump Losses Useful Output
Fan Energy Index " 01 01.2 o M ] A8 e 10 11 4z 13 18 15 16 17 13 13 20 2L 22 23 24 GRS e s s 7 B 8 10 i 1z 13 1% 15 16 17 18 15 2 20 2= 2 24
Fan eficiency (%) 634 & 755 .
Motor rated power (h) 500 600 Hour Hour
Motor shaft power (hp) 5179 4851
Fan shaf power (hp) s518 4857
Bazeline Compresser Airflow Capacity Ouerall Syztem Azsezzment Compressor Airflow Capacity
Motor sficisncy (%) %58 %
Mator power factor (%) 257 g —8— Compresser A —8— Comoressor D —8— Compressor & —8— Compressar O —8— Compressar A —8— Comaressor B —8— Compressor © —8— Comeressor D
Motor current (amps) 8594 85756
Motor pow 450 3769
Annual Energy (MWh) 3,042 3,301 o o "__
Annual Energy Savings — [ = ot
(o) £ '
Annuai Cost sa520 $186,254 =
Annual Savings — $50.266 8
& o Compressor &
i
&
H
B uer = U.S. DEPARTMENT OF
Plant = e ENERGY
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Simple, easy-to-use Calculators

= 80 Stand alone
Calculators
= Motors
= Pumps
= Fans

= Process Heatmgh% " w @ BT LW @ Lﬂ ﬁ o)
i*ﬁ%ﬁi@@;

= Process Cooling
= Steam
= Compressed Air —
= Lighting
= General

= Most have
graphical results

a8

dﬁ*i@ﬁ&“ﬂ@wﬁ

# Better
@Plants

= & O O

o

@ o

EEEEEEEEEEEE

ENERGY




:[i COOLING TOWER MAKEUP WATER

BASELINE +Add Case MODIFICATION RESULTS HELP
Water Savings
# Case i1 +Remove Case # Case #1
Water Flow Fate 2500 |gom | i Water Flow Rate 2,500 gpm
Water Cost |o.0025 | | Cooling Load 10 MMBtu/h
Calculated Coaling Load
Cooling Load |1'J | |
Calculate Coolng Load Annual Operating Hours 1,000 hrs/yr 1 35%
Annual Operating Hours & |1U:":' | | Cycles of Concentration 3 |
---------------------------------------------------------------- . | | Baseline Results
N . 7 rift Eliminatcs e e
Cyeles of Concentration 2 | i i : | | | Water Cost 85,250
R ) I =5 Factor 0.0
Drift Eliminater [No v| Waler Comsumgtion 2,100.0 kgal
Crrift Loss Factor |;_1_2 | | Evaporation Loss Cormection Factor |1r:||:| | |
Evaparation Loss Comrection Factor [100 [%] Modification Results
Water Cost $4,538
‘Water Consumption 1.815.0 kgal
Annual Savings
Cost Savings 713
Water Savings 285.0 kgal
Copy Table
U.S. DEPARTMENT OF
# Better
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==
|‘£| BEOILER BLOWDOWM RATE

BEASELIME

Conductivity Readings

Feadwater Conductivity |4UU | |
Blowsdonin Conductivity |':':uU:J | |
Baoiler =
Stzamn Flow |‘UU | |
Steam Temperature |':|UU | |
Boler Efficiency |8':u | |
Cairulsts Eficancy

Operations -
Operating Hours i |¢'_' tfali] | |
Fue! Cost [3.99 | |
Water Cost [0.0025 [#/cal|
Makzup Water Temperatura |'aU | |

Ganerate Exampls | Resat Data |

MODIFICATION

Conductivity Headings

Feadwater Conductiity 400 |
Blowdown Conductivity 6000 |
Baoiler

Steamn Flow [100 |
Steamn Temperature |!:|E|!J |
Boller Efficiency 85 |
Calculate Efficiency

Operations

Operating Hours & |ﬁ.-’6:_1 |
Fuel Cost [3.99 |
Water Cost |0.0025 |
Makeup Water Temperature |L-.D |

RESULTS

Baseline
Blowdown Rate (%) T.27 %
Blowdawn Rate (ki) 7.84
Feedwater Rate (kbv'hr) 107 84
Fued Ulzs 35,211 MMBtu
Makeup Water Use B,235 kgal
Fusl Cost $140,481
Makeup Water Cost $20,558
Total Cost $161,079
Fuel Savings $11,708
Makeup Water Savings $1,838
Total Savings 513,546

HELP

Modification
BET %

714

107.14

32,277 MMBtu
7,500 kgal
$128,784
$18,750
$147,534

Copy Table

# Better
QPlants
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?SUR — Water Assessment Module
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Water Assessment Module

6 MNew Assessment
=== Last modified: Jul 6, 2026

Water
Assessment
Baseline: Field Based Data Entry

Visual Data Entry Assessment Water Savings
- Input Water flow Projects

Components
- Define ) Diagram: Visual Data Entry

Components ‘ Water ¢

Relationships Diagram Reporting: Result tables and

- Input Flow and
Cost data

EEEEEEEEEEEE

Better Us.
Plants_ 42 ENERGY




Water Assessment Module - Baseline

Beta
fee=2] Last modified: Jul 6, 2026 -

n Asgessment Settings 8 Water Intake B Water Discharge n Water Treatment B Water Using System B Wastewater

Intake Data Added Energy

INTAKE DATA COMPONENTS RESULTS HELP
MName City Water | Intake Source

Cost [1.72 | | ¥ Laka Water ® ™
Source [ Municipal Water [Potable) v| | % City Waer ] A
Annual Use | 177.2 |

Add New Component

Enter Monthby Intake Data

=] Last modified: Jul 6, 2026 -
n Assessment Settings n Water Intake B Water Discharge n Water Treatment -8 Water Using System n Wastewater

System Data Added Energy Water Treatment

WATER SYSTEM DATA COMPONENTS RESULTS HELP
Mame |I {ot Dip Galvanization Line | Water Using System
Systern Type | Process Use il | ¥ Sieal Treatment Line 1 and 2 ] L]
Hours Water Used Per Year & |s7e0 | | % Steel Treatment Line 3 and 4 @ 7
WATER SOURCE AND DISCHARGE FLOWS |’H“'D"::"“E'r'za"':"""E - i
» Cooling Tower o L]
Total Source Water il
al Source Wate: [78.1 | | » Santary Use " @
Recirculated Water |L. | Add New C t
A enty Componer
Total Discharge Water 723 | |
Ko Losses [3.799800958500097 | |
Water In Procuct o | |
Systemn Gross Water Use Mgal/yr

Estimate With Systermn Data

Better U.S. DEPARTMENT OF
Plants 43 ENERGY
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Water Assessment Module - Baseline

6 Demo
fee=2] Last modified: Jul 6, 2026

n Asgessment Settings Water Intake B Water Discharge n Water Treatment B Water Using System B Wastewater

Intake Data Added Energy

INTAKE DATA

Mame City Water

Cost |l.r‘2 |
Source | Municipal Water [Potable) V|
Annual Use | 177.2 |

COMPOMENTS RESULTS HELP
Intake Source
¥ Laka \Water o th
|>f_".5-'.'-'alﬁ' | ]

Enter Monthby Intake Data

=] Last modified: Jul 6, 2026 -

Add New Component

n Assessment Settings n Water Intake B Water Discharge n Water Treatment -8 Water Using System n Wastewater

System Data Added Energy Water Treatment

WATER SYSTEM DATA

Mame |I {ot Dip Galvanization Line |
Systemn Type [ Process Use v
Hours Water Used Per Year i [aren | |
WATER SOURCE AND DISCHARGE FLOWS
Total Scurce Water |r‘6.1 |
Recirculated Water o |
Total Discharge Water 793 |
Known Losses |a.798g00000009907 |
Water In Praduct o |
System Gross Water Use Mgal/yr
Estimate With Systermn Data

Better

Plants 44
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COMPONENTS

System

# Steal Treatment Line 1 and 2

Steel Treatment Line 3 and 4

Haot Dip Gahlenization Line

Cooling Tower

Sanitary Les

Annual Total

RESULTS HELP

Total Systemn Water (Mgal/yr)

Incoming Water

126.1

126.1

TE

3704

Outgoing Water

1261

1261

T6.1

492

3704

Water Imbalance

Met Imbalance Percent of Incoming Water Percent of Total Plant Balance

U.S. DEPARTMENT OF

ENERGY



Water Assessment Module - Diagram

8 New Assessment

cm>)] Last modified: Jul 6, 2026

BUILD RESULTS OPTIONS NOTES LERTS by

Drag site water systerm components into the pane

__

Wastewater Treatmant Known Loss

U.S. DEPARTMENT OF

Better
P . ENERGY



Water Assessment Module - Diagram

= Drag, Drop and Connect Components as per water flows = Edit individual components using
pencil icon

I DemO Component Name
%> ° [ City Water Intake 1
Last modified: Jun 9, 2025
° FLOWS MANAGE

~ Connection Handles

BUILD RESULTS OPTIONS HELP ALERTS

Drag site water system components into the pane

Intake Source

Water Using System

Discharge Outlet Discharge Out
E
W atel |
Wastewater Treatment Known Loss F =@
G »
H »

~ Customize Style
‘ DOWNLOAD IMAGE ‘

Component Color
‘ RESET DIAGRAM ‘ E

Recent Colors [ | - [ | .

Better U.S. DEPARTMENT OF
Plants ENERGY




Water Assessment Module - Diagram

Demo
USG “Options” tab to Last modified: Jun 9, 2025

customize flow

BUILD RESULTS OPTIONS HELP ALERTS
diagram — :
g ............... 1 Water Using System
Unitsof Measure e
[ Imperial v‘ o . R
Electricity Cost ($/kWh) "'..' —

0.066 $/kWh "‘.,. - 3 § Water Using System

Decimal Precision
0 ]

Conductivity Unit

[ mmho v‘

Default Line Type

[Curve V]

Line Thickness

. -
1 px 10 px
Flow Label Size Scale
—. -
0.5 2
Show Connected Flow Values (Maal) +

Better U.S. DEPARTMENT OF
ENERGY




Water Assessment Module - Diagram

Hot Dip Galvanization : . : . .
Line /M

(] Metal Treatment

-
[ ]
] . ]
i Steel Treatment Line
i Chemical Treatment 1and 2 = Industrial Sewer
1 . :
(] Oily Treatment II —
-

Steel Treatment Line
3and 4

Chemical Treatment
2

Cooling Tower

Municipal Sewer

Sanitary Use

Plants ENERGY




Water Assessment Module - Report

Clicktogo b hold to see history

Eﬂ LSl ITAaUimeU: Jul o, U020

Executive Summary System Annual Summary | True Cost of Systems

Facility-wide Source Water Intake Basasline
Intake | Mgal ) ara.4
Intake { kGal per 1000 Ib) i}

Direct Cost of Water (3) 2615292

Copy Table

True Cost of Water Basaline
Trua Cost ($) $980,852.82
True Cost [§ per 1000 |b) o]

True Cost / Direct Cost 1.61

Copy Table

Better U.S. DEPARTMENT OF
Plants 49 ENERGY

S. DEPARTMENT OF ENERGY




Water Assessment Module - Report

Executive Summary  System Annual Summary | True Cost of Systems

Source Water Intake
Mgal/yr True Cost/Direct Cost of Water
Stesl Treatment Line 1 and 2 126.1 $113,500 £0.9001 §134, BB5.4 $1.0681 1.149
Stesl Treatment Line 3 and 4 1261 $330.592 $2.6201 $337.202 F26741 1.02
Hat Dip Galvanization Lineg 76.1 $72,300 $0.9501 $408,857.23 $6.3726 5.66
Coaling Tower 49.2 393,724 $£1.908 $103,301.82 $2.1015 1.1
Saritary Use 18 $5,376 $2.8205 $5,376 $2.8295 1
Plant a79.4 $615,292 $1.6218 $969,512.45 $2.6081 1.61

System Intake Volume (Mgal) System: Direct Costs vs. True Costs (USD)
1.90 Mgal SR $5,376.00 W Steel Treatment Line 1 and 2
Ll Mgal
3504 B Steel Treatment Line 3 and 4
% 3004 £0.8M- B Hot Dip Galvanization Line
=4
= W Cooling Tower
@ 250
£ a i Sanitary Use
5 @ £0.6M
2 2004 =
2 150+ U £0.4M+
F] 126.10 Mgal
g 1004 =
=
$0.2M
50
$113,500.00
] $0 p
System Intake Volume Direct Cost True Cost
Better U.S. DEPARTMENT OF

Plants 50 ENERGY




Water Assessment Module - Report

Exgcutive Summary  System Anrmual Summary  True Cost of Systems

Municipal Water Municipal Wastewater

Intake Discharge

Haot Dip Galanization

0 §72,300 4] $25.113 $105,558
Line
Steal Treatmant Line 3 $016.892 113,500 o o 6510
and 4
Sl 0 $113,500 0 $14,375.4 $6,810
and 2
Cooling Tower Fa4, 624 £9.100 4] 209 504 0
Sanitary Use 53,268 $2.108 4] 0 1]

Adjusted Cost Attribution

True Cost of Water Systems

Hot Dip Galvanization Line

Steel Treatmeant Line 3 and 4

Steel Treatment Line 1 and 2

|
Cooling Tower
|

Sanitary Use

I
40 $50,000 £100,000 $150,000 $200,000 4250,000 300,000 4350,000

Caost per Year

Pump and Motor

Energy
0 $205,886.23 $408 857 23
il 0 $3a7 202
0 0 $134,686.4
$7a.a2 0 %103,391.62
0 0 $5,378

Copy Table

Heat Energy in Wastewatar
B Pump and Motor Energy
Wastewater Treatment
Water Treatment
Municipal Wastewater Disposal
Municipal Water Intake

£400,000

Better
Plants 51
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EASUR Tool — Working Session
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Example Facility — With Data

3.8
F’ $1.46/kGal

$0.33/kGal 793

76.1

Hot Dip Galvanizing ‘Metered Data

Line

. Estimated Data

$0.114/kGal

Steel Treatment 113.5 $0.06/kGal
Line 1 and 2 299.8 MGY $2.00/kGal

202.2 MGY

Lake Water

Industrial Sewer

126.1 Steel Treatment
Line3and 4

$1.72/kGal 49 2 $0.195/kGal 40.1 2.1 MGY $1.24/kGal

171.7 MGY

Cooling Tower

‘ Sanitary Uses

Better U.S. DEPARTMENT OF
Plants ENERGY




Pump and Heat Energy

Pump Energy

= Steel treatment line 1 and 2 being served by the lake have 2— 40hp pumps running 80% loaded (system
efficiency 90% and operates 6000 hrs per year)

= HDGL line being served by the lake water has 1 — 40hp pumps running 80% loaded (system efficiency
90% and operates 6000 hrs per year)

Heat Energy in Discharge

= Water used in HDGL line is also heated by a fuel fired heater (90% efficiency). Ambient water is a 60 F
and discharges the line at 100F

Better U.S. DEPARTMENT OF
P ENERGY



Results

True Cost of Water Systems

Heat Energy in Wastewater
Pump and Motor Energy
Wastewater Treatment

Water Treatment

Municipal Wastewater Disposal
Municipal Water Intake

Hot Dip Galvanization Line -.
—

Sanitary Use

$0 $50,000 $100,000 $150,000 $200,000 $250,000 $300,000 $350,000

Cost per Year

Better U.S. DEPARTMENT OF
Plants ENERGY
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ou all for attending today’s webinar.

n next Thursday — July 14", 2026 — 10 am
ET

specific questions, please stay online and
we will try and answer them.

Alternately, you can email questions to me at

EEEEEEEEEEEE
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