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Welcome

= \Welcome to the first Water Virtual INPLT training series

= Eight, 2-1/2 hour webinars, focused on Industrial Water Systems, Water
Assessment and Optimization

= These webinars will help you gain a significant understanding of your
Industrial water system, undertake a water assessment, evaluate and

quantify water and cost-saving opportunities using US DOE tools and
resources

= Thank you for your interest!
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Kiran Thirumaran, Oak Ridge National Lab

Education
= North Carolina State University— M.S. (Mech. Eng.)

Experience

= R&D Staff, Oak Ridge National Laboratory, Nov 2015 - Present
= Technical Account Manager for 20 companies through the Better Plants Program
= Developed the water INPLT training and piloted it at multiple facilities
= |Lead ORNL’s effort in supporting DOE National Alliance for Water Innovation
= Developed tools to model the energy/water consumption in industrial systems

= Energy Engineer, CLEAResult Consulting, June 2014 — Oct 2015

» Graduate Research Assistant, Industrial Assessment Center (IAC-NCSU), Dec 2012 — May 2014.

‘Better U.S. DEPARTMENT OF

QPlants ENERGY



Safety and Housekeeping

= You are welcome to ask questions at any time during the webinar

= When you are not asking a question, please MUTE your mic and
this will provide the best sound quality for all participants

= We will be recording all these webinars and by staying on-line and
attending the meeting you are giving your consent to be recorded
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It’s Great to Meet You!

Let’s get to know each other so please....

« State your name,
company, position and

* What are you looking to
take away from the
class?

Better U.S. DEPARTMENT OF
Shane ENERGY


http://www.muthukamalam.com/verse/p1691.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

Industrial Water INPLT: Goals

Train INPLT participants to conduct a facility level water
use assessment

= Conduct water use assessment to establish baseline water use and
true cost for the host facility

|dentify measures for achieving water and cost savings

Replicate INPLT results in other facilities

# Better

QPlants
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Water Virtual INPLT Agenda

= Week 1 (June 15) — Introduction to Industrial Water Assessment and Plant Water Profiler
= Week 2 (June 22) — Understanding System Level Water use

= Week 3 (June 29) — True Cost of Water

= Week 4 (July 6) — Plant Water Profiler Working Session

= Week 5 (July 13) — Identifying Water Savings Opportunity

= Week 6 (July 20) — Virtual Treasure Hunt

= Week 7 (July 27) — Estimating Water Savings Opportunities

= Week 8 (August 3) — Industrial Water System VINPLT Wrap-up Presentations

EEEEEEEEEE
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Agenda — Session ONE

Today’s Content:
* [ntroduction
= QOverview of Industrial Water Use
= Water Risks
= Water-Energy Nexus
= Components of an Industrial Water Assessment
» Getting Started with Water assessment
= Plant Water Flow diagram

Better
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= Plant Water Profiler Tool U.S. DEPARTMENT OF
= Kahoot Quiz Game ENERGY
- Q&A usttqum i gy '
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Industrial Water Use: Snapshot

= |ndustrial water use
~5-6 % U.S. Total

= Most self-supplied

= Small fraction of total
operational costs

U.S. Water Use
400 billion gal/day

Thermoelectric cooling

60006

U.S. industrial
water use
25 Bgal/day

é
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Estimated sources of manufacturing water use

Public

Groundwater

Surface self-supply

self-supply

« Only 15% of total water intake in
industries is consumptive

Withdrawals, in billion gallons per day

Self-supplied industrial

50
' ! EXPLANATION

S Surface water, fresh |

40 - W= Surface water, saline _|
= Groundwater, fresh

35 |- " Groundwater, saline -
~— Includes mining and

30 + commercial -

25 - o

20 -

15 B

10 B

5 .

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Self supplied water: 94% fresh and 6% saline

Plants_
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Breakdown of water use by industry

US Manufacturing Estimated Water Intake by Sector (MGD)

322 - Pulp and Paper
331 - Primary Metals
325 - Chemical
324 - Petroleum and Coal Product
311 - Food
327 - Non-metallic Minerals
321 - Wood Products
| 312 - Beverage and Tobacco
B 336 - Transportation Equipment
326 - Plastics and Rubbers
B 332 - Fabricated Metals
Other [315,316,323,337,339]
B 313 - Textile Mills
MW 334 - Computer and Electronics
333 - Machinery
314 - Textile Product Mills
335 - Electrical Equipment

28.8%

U.S. DEPARTMENT OF

Better Source: P Rao et.al. “Evaluation of US Manufacturing Subsectors at Risk of Physical Water Shortages
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Breakdown of water use by application

(%) mCooling mBoiler =Process Other
199 9% 5% 5%
1 20 bk Process water includes,
80 = Washing/Cleaning
= Direct contact cooling
60 = Diluting (e.g., paint shop)
» Transporting a product
= Fabrication
e = Bleaching
= Lubrication
20 = Sterilizing..
0 !
Foodand Primary Metals Pulp and Paper Refineries  Petrochemicals
Beverage
Eﬁ‘trt‘?; Source: Flynn, D. J., The Nalco Water Handbook. Third Edition 1e3d.; McGraw Hill: 2009; p 1,346. ENERGY




Polling Question 1 Polling Question

1) Which category best describes your facility?

Heavy water user — e.g., Petrochemicals, Refineries, Forest Products, Primary Metals, Food and
Beverage, Textiles

Medium water user — e.g., Non-Metallic Minerals, Transportation equipment, Fabricated Metals, Plastics
and Rubber etc.

Small water user — e.g., Electronics, Specialty manufacturing, etc.
Not a water user

oo w »
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Why should manufacturers consider water efficiency

Cost savings and
operational
improvements

Business risks

Reputation risks

Cost of purchasing water for facility

Cost of material for water and wastewater treatment
Cost of discharging wastewater

Cost of energy for heating and cooling water

Water Energy Nexus
Cost of energy for pumping water

Scarcity — Risk of disruption of water supply to plant due to drought
conditions, regional scarcity etc.

Regulatory — Risk of increased government regulation on water use and
pollution regulations

Disruption of water supply in supply chain

Sustainability strengthens public trust and helps create better relationship
for business

Better
Plants
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Water - Energy Nexus : Interdependence at facility level

Water for Energy

Water used in electricity

generation sets Amount of water used to

remove heat
in equipment is proportional
to the energy consumed

Water in fuel
production

Pumping energy to

Energy in water transport water

treatment systems

Energy spent at
water end users
e.g. Vacuum Pumps

Energy to heat/cool
the water for use

Energy for Water Even if water is cheap, the
correlating impact water use has
16 on energy can make it expensive

Better U.S. DEPARTMENT OF
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Industrial water supply is affected by external factors

Changes in rain

- Significant changes in
and temperature P 9 L enang
Evaporative & n water availability can
other losses .
Water embedded cause.
in products
Changes in levels Low levels in

of reservoirs reservoirs, rivers,

and wells

Municipal water
distribution

Water curtailments

— Regulatory changes

Reputational risk

Municipal wastewater treatment

Local water availability is the predominate factor that determines the business risk related to water

Better U.S. DEPARTMENT OF
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Water risks Iin your region

Physical Risks — Quantity
Measure's risk related to too little or too much
water Eg. Water Stress

Physical Risk — Quality
Measure's risk related to water that is unfit for
use. Eg. Untreated Connected Wastewater

Regulatory and Reputation Risks
Measures risk related to uncertainty in regulatory

change and perception with the public. Eg. b
Environmental, social, and governance risk Low - Medium (10-20%)

" Medium - High (20-40%)
B High (40-80%)

B Extremely High (>80%)
. NoData

Better Source: The Water-Energy Nexus, Challenges and Opportunities,” US Department of Energy, June 2014. Uo DerARTiENT OF
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Water Stress - Business as usual

Water stress is an indicator of competition for water resources and is defined informally as the ratio of demand for water by
human society divided by available water.

-~ q
u
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’0 { z &
J-f ) /S
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) Wy “ 8
v & :
A . \ w
‘%. T]'\,,’ ‘ [ 3 ~
] N Ny ). Y X
2030 2040
B 2sxor greater decrease 1.4x increase
) . I 2x decrease W 2x increase
Water Stress = water withdrawals/available water iudyderense T ——
Near normal B No data
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Aquaduct Water Risk Atlas — World Resource Institute (WRI)

WRI's tool for measuring and mapping water risks worldwide. Physical Risks — Quantity
« Water Stress
ﬂ AQLJE DUCT « Water Depletion
Measuring and Mapping Water Risk * |Interannual Variability
* Seasonal Variability
Home Map How-To Downloads Publications Blog About e  Groundwater Table Decline

* Riverine flood risk
e Coastal flood risk

Measuring, mapping, and understanding water risks around the globe

* Drought Risk Risk
Aqueduct's global water . . . >' I n d i CatO rS
risk mapping tool helps —_
compa:iZs,ginvestorsF,) PhySIcaI RISk Qual Ity MeaSU red
governments, and other ® U ntreated Con neCted WaStewater

users understand where

» Coastal Eutrophication Potential

and how water risks and

opportunities are emerging

worldwide.

Regulatory and Reputation
Risks
* Unimproved/No Drinking Water

- « Unimproved/No Sanitation
https://www.wri.org/data/aqueduct-water-risk-atlas «  Country ESG Risk Index

Launch the Maps =

‘Better U.S. DEPARTMENT OF
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Aquaduct Water Risk Atlas — Overall Water Risk Index

Overall Water Risk Index: Measures all water-related risks, by aggregating all selected indicators from the
Physical Quantity, Quality and Regulatory & Reputational Risk categories.

e 4 = 3
. 5 —— O / C e

b e ’
k\shald‘%; , \f 3&;’; g . 69% Water Quantity Risk

i 'MH‘o\u‘ston e :#]3 Il 12% Water Quality Risk
= o e % B 18% Regulatory and Reputational
Sugar Land
East Bernard Rosonbcrg 3 peariend
Semiconductor I
Oil and gas g |
Camhe Angleton”
West Columbia
Chemical - I
Sweeny L
Bay City Mining 0
., Overall Water Risk A i FOOd and beverage __
3 ( Low Low_— Medium- High E_xtremely ConstrUCtion materials -_
Medium high high
2 j (0-1) (1-2) (2-3) (3-4) (4-5)
% B No data Textile — |
Overall Risk Index for a Food and Beverage Water Risk weightages considered to calculate
manufacturer in the Houston, TX area. the overall risk metric

Better U.S. DEPARTMENT OF
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Polling Question 2 Polling Question

1) Why is water efficiency important to you?
Cost Savings

Reducing risk and improve resilience
Corporate Image

Product Quality improvement
Others

moow»

Better EEEEEEEEEEEE

Qhaanee. . ENERGY



Barriers to Industrial Water Use Reduction

= [ack of reliable data of industrial water use -- the extent of water-use related
risks is unknown

= |ack of understanding of hidden costs of water use
= |Lack of incentives from utility & state government

Reduced justification for potentially expensive water use reduction
projects

This is changing ...

EEEEEEEEEEEE
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ion to Industrial Water Assessment
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Conducting a Water Use Assessment

Step 1. Baselining water use
Step 2. Quantify true cost of water

Step 3. Identifying Water savings opportunity

EEEEEEEEEEEE
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Step 1. Baselining water use

EVAPORATIVE] UNKNOWN
End to End 105
mapping of == e e s m FACILITY BOUNDARY = e sl s i e ~
water flow l/ +~== SYSTEM BOUNDARY ==~ 1
I‘ :l RECIRCULATION (WITHIN ASYSTEM) ‘; :
| I I
souncewnren B | T | l
. i ! WASTEWATER
| : Shear DISCHARGE
j I
!‘ WATER | : WASTEWATER :
'l TREATMENT | : TREATMENT I
1 O ; | ) I
| ! E |
| i | :
1 i : I
: R . i E ON-SITE "
' ' 1 WASTEWATER
: -(:}- 1 B I .
: E(S?Ecm.c 1 B ! S : - Where water is used
| Seectric | ,
| .
" | | I - How much is used
\ ! -
: ' EEE— S : - Source and discharge
l\ RECYCLE (TO OTHER SYSTEMS) l'

\—_\___\_\_-\_____\_\- -]-\__[—a
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Step 1. Baselining water use

Significance to the facility
= Establishes baseline to track water use over time

= Allows comparison with other industries (motivation)

Food Manufacturing

Dairy Product Manufacturing

31151/ 3115 | 311

Dairy Product (except Frozen) _
Manufacturing

EEEEEEEEEEEE
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Water Balance

Processes
Boiler
= Total of all water used Cooling Tower
. .. Domestic
by individual Systems Landscaping
Unknown
should equal Plant Facility Input Water Uses

Water Intake

Facility Discharge
Evaporative Losses
Consumptive Losses

= Plant Water Intake Water in product

should equal Plant Fa(M ut

Water outflows Unknown

Losses

EEEEEEEEEEEE
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A “Water Balance” helps baseline water consumption

Why to Conduct a Water Balance?

- Accurate water accounting is the key to true cost
determination

- Water balance gives the opportunity to
* Perform sanity check on water estimates

* Reduce uncertainty in baseline water use and associated true cost
components

» Quantify unaccounted water use or unknown water loss

= Better accuracy in estimating water and true cost savings from water-
efficiency measures

EEEEEEEEEEEE

Better u.s.
Qhaanee. . ENERGY




Step 2. True Cost of Water

Water Usage and Sewer Cost e—e Direct Cost
Components

=

Indirect Cost
Components

Cost of Water Treatment ¢e—e

Third Party Disposal Coste—se

Cost of Energy (Pumping

and Temperature Control)

Value of Product/ Chemicals in

. o—9
wastewater leaving the plant

EEEEEEEEEEEE
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Significance to finding True Cost of Water

= Reveals hidden costs of using water
» |dentifies water use-intensive versus cost-intensive systems to
help prioritize measures

, Kitchen/ Landscaping,
Kitchen/ Landscaping, Rest;ooms, 29, Ping

Restrooms, 0 120
20/0 / |}
Boiler for +0
Facility, 13% Boiler for
Facility, 26%
Cooling/ '
condensing for
Cooling/

air conditioning, Cooling/ Cooling/
12% condensing condensingfor  condensingfor
for process, 35% air conditioning, process, 12%
. 8%
Source water intake True cost of water

EEEEEEEEEE
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Step 3: ldentifying Water Savings Opportunity

Water efficiency can reduce cost, improve resilience and reduce
environmental impacts.

Recycle and Reuse Water Quantify ﬁ Tour the

. _ savings for facility and
« Efficient Design each observe
opportunity operations
* Implementing new
I Water T
technologies ‘ Hunt Approach 1
* Optimized Operations dentif
_ Gather data opportuni}’:ies
* Behavioral Improvements o evaluate and
and qrtuar_lt’glfy interview
. opportunities
* Proper Maintenance PP b personnel

Be“er EEEEEEEEEEEE
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Examples

New technology

Canola Processor uses
RO system to treat
incoming water saving
965,000 gallons of
water used for softener
regeneration

New Technology

PepsiCo switched to
purified air for cleaning
Gatorade® bottles,
achieving a 20 percent
reduction in water
consumption throughout
the process

Recycle and Reuse Water

| Nissan installed an
automated water filtration
system to eliminate the
once-through rinse water,
saving 48.6 million gallons
of water annually.

Better
Plants_
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Plant Water Flow Diagram
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Plant water flow diagram connects all water users in a plant

A water flow diagram helps understand the water users in a facility and its components intuitively
and makes performing a water balance easier.
Typical water using systems in industries: Cooling Tower, Boilers, Humidifiers, Direct

(contact) and Indirect (non-contact) process water users.

Direct Process Water Users Indirect Process Water User

= Product cooling by contact (plastic ® Indirect product Cooling (via a heat exchanger and

extrusion, metal annealing ..) cooling tower ...)
= Paint mix (auto, appliances ...) = Hot water-based heating applications
= Washing... = Once through indirect cooling system (inefficient)

Indirect or non-contact water that does not touch any raw material, intermediate product, waste product, or finished product. They are

typically part of a closed loop system and connected to a cooling tower or boiler.

EEEEEEEEEEEE
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Water Flow Diagrams can be

complex

Process
Water

MILLS CLARIFICATION
- Fiter
fesitaion Wath Water

EVAPORATION J L
High Quary
Condensate Corgeneate

N

Over Fow

FEED CONDENSATE
Water Flow [ &5 e, p———— o pRocess —>
. muse TOWERS
in Sugar —_— — . J, e
Industry [1] — ' PR
SERVICE LOW QUALITY
sonens oEanins Sopune e Ssan
Extom»
Mave up oy
Sww Down
003, 005, To Spray Field
660-690, Overland Flow
Product 006-009, Treatment System
Storm 002,
Water 010 602 Overland Flow Spray
Soup V605! Process WW Irrigation Pump House
Water and o astom
s Sewage
Wastewater waer ' Lagooh W -
Water, Buildin| Land Application of
H 1 Process WW Sludge ,
Flow in a - ¢-Sewage \ ¢'Sewage | 581
601 [ ]
Food plant wwre
Sludge
Lagoons
[2] Sludge
3;:;? Treatinent g [ ]
Beverage 588
Plant 604 |WWTP
> Digested |Sludge
001 Final Outfall to Maumee River ?illﬁ:ztaes
CAFO Manure & Food Napoleon Digested Biomass N
Biogas CAFO Animal Bedding =

Grade Wastes

"] B4” HOT STRIP MILL

I:smmw
o w:m st 040
ﬂE \:NM. 'LR

m TSN

N mMES BLY

CLARIFIERS

e ‘
SO R

| L SANTARY

-
| = 10 NORTHEAST 0H0 it
| RECIGHAL SEWER DIST.

o
— =i S

- S

Nole: Refer ta NPDES Permit Rer

Application Attachment 2 for summary of
actual flow rate monitoring data

Water flow in a integrated steel plant [2]

U.S. DEPARTMENT OF

# Better
QPlants

[1] Poddar, Pradeep & Sahu, Omprakash. (2015). Quality and management of wastewater in sugar industry. Applied Water Science.
[2] EPA fact Sheet - National Pollutant Discharge Elimination System3§NPDES) Permit Program

ENERGY



An ideal water flow diagram makes baselining simpler

| | X S
| i |~ 84" HOT STRIP ML

G|

_ i WIER
e | | — /
| e shaars SANTART tru oewon [‘owersion O TR e } _ ! orw |
\ [ | ol iy

= RUN-0UT |

f—{ TBLE o ' -_— I P

‘ STORM GROUND WATER L

PATER

10 NORHEST 0HO
| [rwsnme REGANA SENER —_ | —- e = —
[ s DSTRET ‘ s
i o B I
ROVGHNG STS | - | |
| & SCALE BREAER l ‘ 84" plckle ] 1
. £ waw P |
}
I , 56 |
el g ; 1
N{ Annealing Oily waste 1
1
}
1
I

—]
20| [ra-nere a8 LugE oL

oy COOUNG TOWER |~ -1‘"“
i s o4

o — =

| :
| s

| COOLING TOWER |

[

[ caramra Euowon 4 v

_ FINISHING
MU

Treatment
84" tandem mill - System

I
T - Water Discharge

‘ .h. ?ﬁ-‘ i ‘ = Water intake
| |__ Tavi L == .z H
P | [l }_'J ‘ i ot ot E— | 8 Cooling Tower 1
§ | —— | g City water Metal removal
H £ A system
g 2 > Cooling Tower 2

) ST
‘ [sorw waree CONDENSATE ‘
LIHoaL §1 & 831
o oR = Ty —— = |
GALY LNE (Ko} - | o = | e
—— PR R WX o FLOCEULATON I oo |
SEPARTCAS -

e ok 7 ghIT
ST . e | Foraron raves NONTORING LOCATON

|
[ ] Em | =5
f [N == e OLY WASTE |
| "{3‘1 o ‘ a TREATMENT SYSTEM W'W)—;—

ey e

Hot Dip

g 1 | A
= S . =1 E ' | Galvanizing City water intake
‘ M rEET| | (HDGL)
PROCESS DRAINS ‘
— | =—p Cooling Tower water
| [
(FINISHING) | I
| | . | r == To wastewater treatment
FT i
| —{ g |
GONAL SEWER DIST. P - N
‘ ‘ o PIoaLE e METALS REMOVAL SYSTEM ] Blowdown
‘ | 2 |9W | T [emon W e [cwrms Sttt B0 02 o
! u § =] Roron | HeuTRAIzATCN e
[ o oF ] : I o | el —p Outfall
| [ ] L } e
| e [emonsae
i — — » Water from/to other systems
| REPEE) : e o
! [ _ o ";.W;mm ] Note: Refer to NPDES Permit Renewal | |
; s | L E=n J lw — ! Application Allachment‘z for summary of ‘
| - — | actual flow rate monitoring data
i —— @ ‘ HoTE;
‘ ay 7] ALL FLOW RATES WITH THE EXCEPTION OF THE
I 7] CONTINUOUS WONTCRING LOCATIONS ARE
iy B S o e - - — ESTMATED VALLES.

LR ————— For a baseline assessment and water balance, water
flow across each system or group need to be known

U.S. DEPARTMENT OF

Better . ENERGY

Plants

S. DEPARTMENT OF ENERGY




Creating a diagram optimized for water assessment

= Define appropriate plant and system boundaries:

Depending on the size of the plant, plant boundary may be the entire facility or only include specific parts

of a plant

System Boundaries are defined by segregating or combining processes/systems into manageable

groups such that you can quantify water flows across each group

= Trade-off between System Resolution and Data Availability

While consider each water users separately (e.g. every quench tank in each production line) will give

more insight and resolution into water consumption, it would need more effort to collect the data

Start of with a basic water flow diagram that consolidates as many water users as possible, complexities

can be added after

# Better
QPlants
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Some Guidelines for defining system boundary

= Step 1: Identify all water using systems
= Define the cooling towers and boilers separately from the processes
= Separate direct and indirect process water users

» [ndirect process water users need to considered separately only if water is consumed or gained in the process
e.g., partially open loop and requires water makeup.

= Step 2: For each system that uses water directly, understand the water intake sources, wastewater
discharge outlets, water treatment processes, and wastewater treatment processes

= Step 3: Group systems based on if water consumption and discharge is easier to estimate as a group

= Each group should draw water from the same intake source, have similar water treatment steps and discharge
to the same outlet.

= Multiple cooling towers/boilers can be combined if needed

= Combine all sanitary water use (kitchen, restrooms, laundry, etc.) into a single group

U.S. DEPARTMENT OF

P . ENERGY




Creating Master Table and Water Flow Diagram

Plant Boundary: Water Intake Wastewater Water Treatment Wastewater -
Source Discharge Outlets Process Treatment c -
Process = ‘© -
= |3 |S
(=
5S;
2 S O .
L o Q %)
= o @ c k)
E 1855 |2 |,
. @) >
Water-Using System o) o Bn |38 = @
x c 135 © °Q
S D o P (- (@) —
g2l 5 |8 = 2
s 2|8 < |o ) 5
=®h|=%|= 1

Master Table helps compile all information needed to draw a water flow diagram optimized for
water assessment

Better U.S. DEPARTMENT OF
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Example Facility — \Water Users

A metal finishing facility has following operations that use water

There are 4 steel surface treatment lines, line 1 and 2 served by the lake water after being chemically
treated and lines 3 and 4 are served by untreated city water. The discharge needs to be treated for oil
contaminates before being discharged to industrial sewer.

An annealing furnace that uses cooling tower water for furnace cooling (closed loop system via a heat
exchanger)

A hot dip galvanization line (HDGL) that uses reverse osmosis (RO) treated lake water as make up for
diluting its chemical bath and cooling tower water to remove heat from the gears and other mechanical
equipment via a heat exchanger. The discharge needs to be treated for metal contaminates before being
discharged to industrial sewer

The cooling tower that serves annealing furnace and the HDGL line gets its water from the nearby lake
which must be chemically treated before being used as makeup. Blowdown is sent to industrial sewer.

The restrooms in the location use city water and drains to domestic sewer.

# Better
QPlants
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Example Facility — Draft Flow Diagram

] A
| N |
City Water

»
»

Steel Treatment Line 1
Steel Treatment Line 2

Cooling Tower

Hot Dip Galvanizing
Line

Lake Pump Station _
Annealing Furnace

Good representative flow

diagram but identifying water
flow across each system
g Industrial Sewer

(grey block) might be difficult
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|dentify all water using systems

Plant Boundary — Entire Facility

System Boundary List of in-direct Water Use System
List of Direct Water Use System (cooling loads)
 Hot Dip Galvanization Line - Fuyrmace-GCoshrgArneating—
Steel Treatment Line —~—EquipmentCootmg(HDGE—
Steel Treatment L@

teel Treatment Line <
Steel Treatment Line D

«  Cooling Tower Makeup

Water Treatment System Wastewater Treatment System
«  Chemical Treatment  Metal Treatment
« RO System QOil Treatment

EEEEEEEEEE
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Understand the water flows and group systems

» Cooling Tower
» Make up from chemically treated city water

 Blowdown to industrial sewer

» Steel treatment Line 1 and 2
» Make up from lake water after chemical
treatment

» Discharge to industrial sewer after oil removal

e Steel treatment Line 3 and 4
« Make up from City water

» Discharge to industrial sewer after oil removal

« Hot Dip Galvanization Line
« Make up from RO treated lake water
» Discharge to industrial sewer after

metal removal

« Sanitary
« Make up from city water

« Discharge to domestic sewer

# Better
QPlants

EEEEEEEEEE



Master Table to compile information

Plant Boundary: Water Intake Wastewater Water Treatment Wastewater

©
Source Discharge Outlets Process Treatment c -
Process = P »
= |8 |S
S = g
= O o
w = )]
© - S %
) o @ | c o
S (_$)~. % E 2 )
Water-Using System 5 o% |9 = %)
o o > © o
E|l=a |2 = —
o o — o S
o2 (o 5 |0 Q O
-— = — @O -— © c
c Q| mc | & S 5
=9h |=5 = 11
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Exercise

List out the water users in your facility, think through their water
flows and based on the guidelines discussed identify how they
can be grouped together for water baselining/water balance.

Better U.S. DEPARTMENT OF
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Master Table for example facility

Plant Boundary: Water Intake Wastewater Water Treatment Wastewater -
Source Discharge Outlets Process Treatment c
Process S 'GEJ -
Whole Facility 1 Lake Water | 1 Industrial Sewer |[1. Chemicals for 1. Oily Removal E @ =
2. City Water | 2. Municipal Sewer | Cooling Tower 2. Metals = S 3 "
2. Chemicals for Removal c—g T w o 38
_ Steel Lines 5 S 5 5 0 5
Water-Using System 3. Reverse Osmosis X e o % 2 © §
=5 |l=%|= o |O
MBetter U.S. DEPARTMENT OF
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Master Table for example facility

Plant Boundary: Water Intake Wastewater Water Treatment Wastewater -
Source Discharge Outlets Process Treatment c -
Process S ‘© -
Whole Facility 1 Lake Water |1 Industrial Sewer |1. Chemicals for 1. Oily Removal E @ S
2. City Water | 2. Municipal Sewer | Cooling Tower 2. Metals = S 3 "
. ©
2. Chemicals for Removal 3 T w o 38
Water-Using Svet Steel Lines = o & T o 7
r-Usin m , o = 7
ater-using syste 3. Reverse Osmosis X e | @ % Z © Re!
38|58 |8 |2
=@h |=% = i o
Cooling Tower
Steel treatment 1 & 2
Steel treatment 3 & 4
Hot Dip Galvanization
Line
Sanitary
‘ Better U.S. DEPARTMENT OF
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Master Table for example facility

Plant Boundary: Water Intake Wastewater Water Treatment Wastewater -
Source Discharge Outlets Process Treatment c -
Process S ‘© -
Whole Facility 1 Lake Water | 1 Industrial Sewer |[1. Chemicals for 1. Oily Removal E @ =
2. City Water | 2. Municipal Sewer | Cooling Tower 2. Metals = S 3 "
. ©
2. Chemicals for Removal 3 T w o 38
W s Steel Lines = o & g 0 »
= O *= = n
ater-Using System 3. Reverse Osmosis X e | @ % Z © Re!
58| 855|8 |8 |2
© © c © =
=@ |28 =2 1] O
Cooling Tower 2 1 1 - X - - X -
Steel treatment 1 & 2 1 1 2 1 - - - X -
Steel treatment 3 & 4 2 1 - 1 - - - X -
Hot Dip Galvanization 1 1 3 2 - - - X -
Line
Sanitary 2 2 - - - - - X X
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Creating Plant Water Flow Diagram

List all water discharge outlets (on the left)
= Example : Municipal Water, River or Lake, Ocean or Tide, Groundwater, Rainwater, Other.

= List all wastewater discharge outlets (on the right)

= Example : Municipal Sewer, Third-party Disposal, River or Lake, Ocean or Tide, Groundwater,
Onsite Disposal, Stormwater

= List all system boundaries identified for water balance in the middle
= Example : Direct water users , Cooling towers , boilers etc.

= List all water treatment processes and wastewater treatment processes
between the systems are the inlet/discharge

= Mark the appropriate water flows including water recycle, recirculation,
losses etc.

EEEEEEEEEE
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Example Facility —Flow Diagram Optimized for Water Balance

Hot Dip Galvanizing
Line
Steel Treatment
Line 1 and 2
 Steel Treatment
g Line3and 4

Cooling Tower

o
>
o
»

Lake Water

Industrial Sewer

\ 4

City Water

o
»

Sanitary Uses
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Let's review what we’ve learned

Steps to Water Flow Diagram

» Understand where water is used the facility and list them

= Group water end users to make water assessment easier

» Determine the water flows including recirculation and create a master table

= Draw a schematic easy to follow water flow diagram

Next Step

= Put together a data collection strategy

Be“er EEEEEEEEEEEE
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Example Facility — Water Flow Diagram

Lake Water ‘

Steel Treatment
Line 1 and 2

-_ Cooling Tower

Steel Treatment
Line3and 4

_ Hot Dip Galvanizing ‘Metered Data
- Line
‘ Estimated Data

I Industrial Sewer

Municipal Sewer

o
»

Sanitary Uses
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| Water Profiler Tool - Overview
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Session 1.3 Outline

= PWP tool concept
= Calculation approach
= PWP output report

= Facility water use assessment using PWP Tool
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Plant Water Profiler (PWP) Tool

plants to help perform a facility level water assessment

https://www.energy.gov/eere/amo/plant-water-profiler-tool-excel-beta-version-pwpex-v01

Language: English . . . .
- —— Note: The Plant Water Profiler Tool is currently availablein the English language only. It
Water Measurement Unit: Million Gallons - . )
uses only Million Gallons for water use calculations and USD for cost calculations.
Currency: usD

Disclaimer

This tool was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its

endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency thereof.

OAK
RIDGE

National Laboratory

56

Better U.S. DEPARTMENT OF

Plants_ ENERGY



https://www.energy.gov/eere/amo/plant-water-profiler-tool-excel-beta-version-pwpex-v01

PWP Tool Concept

Baseline Water Use
aiand Water Balance

Determine True

, Cost of Water
 FACILITY BOUNDARY s 7 K@

_~== SYSTEM BOUNDARY ==~ _

1 JLATION (WITHIN A SYSTEM)

j RECIRCUL

|

]

]

] I
] ]
1 ]
|

WASTEWATER
Shear DISCHARGE

Identify Water Efficiency

N @Opportunities

WASTEWATER
DISPOSAL
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PWP Tool — Map

= = = = =3 Data for Guiding User Inputs

» True Cost of Water by System

5. Unit Cost

1. Plant Info
— Data Flow to Subsequent Tabs
— |
2. Plant Water Intake & (@--- Plant & System Water Balance
Discharge -4 i
Baseline | !
- ] 3. Water Use Baselinewater | SYStem Water &
- Calculations Use & Savings Cost Savings Potential °
Water Use ; ¥ 2
1 1
‘->e| 4. System Water ¥
o--- |
o Balance !
- :
i
1
1
1
i
— i
1
1
i
1
1
1
i
1
1

True COSt Of —>46. System Water Intake -

& Discharge

- Results
Wate r 7. Water & Wastewater

Treatment

b

A4

8. Embodied Energy
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Step 1. Baselining water use

EVAPORATIVE] UNKNOWN
End to End tOSS
mapping of == e e s m FACILITY BOUNDARY = e sl s i e ~
water flow | +~== SYSTEM BOUNDARY ==~ 1
I‘ :l RECIRCULATION (WITHIN ASYSTEM) ‘; :
1 i I
p—— | | T | :
. i ! WASTEWATER
| : Shear DISCHARGE
j I
!‘ WATER | : WASTEWATER :
'l TREATMENT | : TREATMENT I
1 O ; | & |
1 ! E |
| i | :
1 i : I
: R . i E ON-SITE "
' ! 1 WASTEWATER
: -(:}- 1 B I .
: E(S?Ecm.c 1 B ! S : - Where water is used
| Serecmric | |
I -
" | | I - How much is used
\ ] -
: ' EEE— J : - Source and discharge
l\ RECYCLE (TO OTHER SYSTEMS) l'

\—_\___\_\_-\_____\_\- -]-\__[—a
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Processes
Boiler

= Total of all water used Cooling Tower
. .. Domestic
by individual Systems Landscaping
Unknown
should equal Plant Facility Input Water Uses

Water Intake

Facility Discharge
Evaporative Losses
Consumptive Losses

= Plant Water Intake Water in product

should equal Plant Fa(M ut

Water outflows Unknown

Losses

EEEEEEEEEEEE
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Step 1 - Baseline Water Use and Water Balance

~

4 N\
. FACILITY Consumed Tab 2 in
ource _
Water In — Out = Losses |In Products PWP TOOl
Wastewater
_ J
.
-
( SYSTEM \Consumed .
Source In — Out = Losses In Products Tab 4 In
Wat :
arer ‘ | Wastewater PWP TOOI

Other Systems

Tab 3 provides calculators to estimate system water consumption

EEEEEEEEEEEE
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Tab 2 — Plant Water Intake Table

1
&

Part 2.1 - Plant's Source Water Intake Municipal Water

Please select the data interval (i.e., monthly or annual) and provide an estimate of water River/Lake Water
intake in your plant from applicable water sources. You may also select a water source that is

€ Inyourp ppiical . Y . Ocean/Tide Water
not listed in the table, such as rainwater, desalinated water, or other. Select the quality of
water from the drop-down list. Groundwater
Year 2018 Ot
Data Interval Monthly g

Plant's Source Water Intake (Million Gallon)

PLANT

INTAKE

SOURCE WATER

s
\

M Municipal Water | Municipal Water | Municipal Water | River or Lake Ocean or Tide Groundwater Other Total

Potable Nonpotable Nonpotable

January

December
Annual
ANNUAL TOTAL 114 - - 1.8

Note: If the plant boundary encompasses the entire facility, ANNUAL TOTAL should match with Facility-Wide Annual Source Water Intake you have
entered in Part 1.3, also shown here in the purple cell.

‘Better U.S. DEPARTMENT OF
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Tab 3 — Example System Level Calculator

Yellow

Orange

Tan

Purple
Gray

Please input data ONLY in the yellow cells.

Please select from the drop-down menu in the orange cells.

Please DO NOT enter any data or delete values in the tan cells. They contain formulae.

Please DO NOT enter any data in the purple cells. They show values calculated elsewhere for guiding user input and cross-checking results.
Please DO NOT enter any data in the gray cells. They are not applicable to your plant.

Part 3.2 - Cooling Tower Water Use

This table calculates cooling tower water use in the plant. Please select the applicable cooling/condensing system and enter required data in the highlighted cells.
For "Load (Fraction of Chiller Tonnage)," the typical range is 0.5-0.8. For "Evaporation Rate per 10°F Temp. Drop," 0.85% is a typical value, and the typical range is 0.65% for
moist climate to 1.0-1.2% for dry climate. For "Temp. Drop Across Cooling Tower," typical range is 10-15°F. For conductivity, first select "Conductivity Unit" from the drop-

down list on the right and then enter data below.

Conductivity
Unit:

uS/cm

Evaporation | Temp. Drop Makeup B Million Gallon per Year (% of Gross Water Use)
Hours of Cooling | Load Factor Rate per Acr.oss Water Conductivit ] ]
Cooling Tower Operation | Tower | (Fractionof | | oo T:mp. Cooling Conductivity Yl Gross Water|Mcoming Outgoing ecieulEiad
AR LEIIEL [Ees s Drop (%) | Tower (°F) uS/cm uS/cm Use hcsla(feurp Blowdown |Evaporation Water
0.446 0.891
1 . o) 0, 0, 0,
Cooling Tower for: Process 1 2,912 250 0.8 0.85% 10 600 1,800 105 (100%) | 1.34 (1.28%) (0.425%) (0.85%) 103 (98.7%)
0.269 0.0895 0.179
. e e 0 0 0
Cooling Tower for: Air Conditioning 2,000 75 0.78 0.85% 10 600 1,800 21.1 (100%) (1.28%) (0.425%) (0.85%) 20.8 (98.7%)

M Better
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Step 2. Determine True Cost of Water

Tab 5 - Define Unit Cost of all components — Typical Values
are Provided

Tab 6 & 7 - Match unit cost with water flow volumes identified
through water baselining

Tab 8 - Define the embodied energy components — Pumps,
Fans and Heating

64
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Tab 7 — Cost of Water and Wastewater Treatment

Municipal Water | _| e 2
A < | I
Part 7.1 - Onsite Water Treatment River/Lake Water | g:
| I
Ocean/Tide Water | 5!
o : | DI WATER-USING
ease select water treatment processes from the drop-down list for your Groundwater) | —| SYSTEM
plant. Enter a percent estimate of water that is treated for applicable i | &
incoming water categories. For example, if "Process A" receives water from Water :g:
"River," all of which undergoes "Water Treatment Process 1" and "Water from :L i Recirculated Water
Treatment Process 2," enter 100% in both cells of that row. Other T )
Systems
% of Water Use Undergoing Water Treatment
Water Treatment Process
Quantity (Million

Water-Using System

Water from:

Gallon per Year)

Reverse Osmosis

Lime Softening

Municipal Water: Potable | 68 | 100%

. - River or Lake: Nonpotable | -

process: Product Cooling Water from Other Systems | -
Recirc. within System - 100%

Municipal Water: Potable | R

| | River or Lake: Nonpotable N 100%

Cooling Tower for: Process 1 Water from Other Systems | T R I

Recirc. within System 100.0

Better
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Step 3. ldenftity water opportunities — Tab ? & 10

Checklist of plant and system
level measures

User answers questions to
evaluate water efficiency status
on system-level and to identify
potential opportunities.

maximized through efficient water treatment?

Kitchen and Restrooms

System Water Efficiency Status Response
Process
Cooling/condensing for process
Has once-through cooling water been eliminated with
the use of chillers, cooling towers, or air-cooled No
equipment?
Has blow-down/bleed-off control on cooling towers been No
optimized?
Is treated wastewater (or other sources of water for

. . No
cooling tower make-up) reused where possible?
Are cycles of concentration for cooling towers No

Landscaping

# Better
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PWP results

Process: Process 1

Cooling Tower for: Process 1
Cooling Tower for: Air Conditioning
Boiler for: Facility Needs

Kitchen and Restrooms

Landscaping and Irrigation

B Municipal Water Intake

B Municipal Wastewater
Disposal

& Third-party Disposal

Water Treatment

Wastewater Treatment

Pump and Motor Energy

0

Comparison with Industry Average

20,000 40,000 60,000 80,000100,000120,000140,000
$ per Year m Heat Energy in Wastewater

Water Imbalance by System

Kitchen and
Restrooms, 10% __

Boiler for: Facility

Needs, 28% Process: Process 1,

50%

Cooling Tower for:
Air Conditioning,
2%

Cooling Tower for:
Process 1, 10%

Incoming Water Outgoing Water Water Imbalance
.
Water-Using System illi 9
Million Gallon per Year Gallon Per Incoming Loss
Cooling, condensing Year Water
and steam - -( Process: Process 1 6.8 6.405 0.395 5.8% 87.2%
Cooling Tower for: Process 1 13 13 - i} )
Other X
Cooling Tower for: Air Conditioning 0.3 0.27 0.03 10.0% 6.6%
0 50 100 150
o MitiorGatton LANT TOTAL 15.5 15.047 0.453 16.5%  100.0%

QPlants



Homework #1

Use the WRI Aqueduct tool to identify the overall water risk for your location. Change the
weighting of the risk indicators according to your industry, you can create a custom
weightage as your see appropriate if your sector does not have default indicator weights.

2. What will be the water stress in your area under a Business-as-Usual Scenario in 2030 and
20407
3. Draw a water flow diagram for your facility based on the guidelines discussed — you can
make use of the master table template provided as needed
4. Mark the points where metered data is available.
FMBetter e o
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ou all for attending today’s webinar.
next Tuesday — June 22, 2021 - 10 am ET

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

Alternately, you can email questions to me at
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