NJ Water Environment Association

NJWEA John J. Lagrosa 102"d Annual
Conference & Exposition

Managing Water and Wastewater
Utility Data to Reduce Energy
Consumption and Cost

Mohammad Badruzzaman, PhD, PE, BCEE
Art Umble, PhD, PE, BCEE

Carla Cherchi, PhD MWH. ", Stantec



Background
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= |Information on energy use
(where, when, how much,
and at what tariff) is
extremely important for
energy management

= Understanding of the factors
impacting the performance
of water/wastewater ufility
assets is critical



Data Management is Critical for
Energy Optimization

= Utilities possess valuable finergy Use (GWh/year

and useful datq, but need
assistance on identifying
the questions to ask
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= Long-term energy Support Facilities
management depends on Energy Bill
more granular level S13M
(process specific,
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Holistic and Infegrated Approach 1o
Data Management

ldentify data sets of value to
reduce energy consumption
and cost of pumping
operations and treatment
processes (i.e., what, when,
and where to monitor/
collect/analyze)

Apply data analytics,
platforms, and display
methods that will support
reduction in energy
consumption and cost (i.e.,
actionable, real-time trends
and display)

Complexity

>
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— Knowledge
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Presentation Objectives

How to improve energy efficiency and reduce costs
using advanced data management and analytics?

How to use data for energy efficiency performance
benchmarking?

What are the lessons learned/challenges with data

g
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Case Studies on Pumping Systems Energy Efficiency



Case Study 1
Pilot-Scale Demonstration of the EWQMS
Framework for Energy Management



Energy Optimization Principle
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Drivers for the Study

CONSTRAINTS

Energy Water
Efficiency Quality

OBJECTIVE FUNCTIO

Energy System

Consumption Hydraulic
' i Equilibrium

Permits and
Regulations Management

« Does lower energy use operation result in increased
operating costs for water ufilities?
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Data Collection Framework

INPUT
Pump/Efficiency
Curves Demand
Forecaster
Tariff Rates/
GHG Emission T
Factors
Historical
Historical Data oy
{e.g., pump flows, pump
head, tank levels, tank
outflows)
System Constraints
(e.g., water guality,
tank min/max levels,
hydraulic equilibriurm)

Initial Schedule
(pumping schedule, pump
combination, tank levels, cost
and kWh use predictions)

NO

EPANET Control

Schedule
hydraulically feasible and
acceptable water quality?

OUTPUT
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Real-Time Operation Results

Demand Charges ™ Energy Charges
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Badruzzaman et al. (2015) Optimization of energy and water quality management systems for
drinking water utilities, A report published by the Water Research Foundation. 12



Case Study 2

Pilot-scale Demonstration of Lift Station
Optimization for Energy Efficiency



Drivers tor Liff Staftion Optimization

= Operation of Lift Stations with local or
basic controls

= Common practice of no hydraulic
optimization

= QOperation with old instrumentation and
SCADA control systems

) 4

= Understand how varaulic moce
Simulation can be integrated with new
generation SCADA system
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Optimization Principles

Model Run Description

Observation

Run only one lift station at a tfime

Scenario #1 with current on/off levels

Scenario #2 Run all pumps on VFDs

Scenario #3

Run all pumps near their BEP

Resulted in the highest energy
consumption due to pumps running
on the right side of their curve

Resulted in the lowest energy
consumption, but was the most
costly option due to capital
investment in VFDs

Resulted in inability to maintain the
BEP only when additional pumps
were called to run

Level out influent flows to the

Scenarona wastewater plant and store

wastewater in the collection system.

Resulted in the lowest energy
consumption while still being a
cost-effective option

16



Data Collection Framewor

Level in Wet
Wells Pump
\ start/stop
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Collection System Flow to Treatment
Plant

After
Optimization
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Badruzzaman et al. (2016) Minimizing energy use and GHG emissions ot litt stations utiizing real-
time pump control strategies, Journal of Water Environment Research. 19
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Case Study 3
Benchmarking of Pump Stations for Energy
Efficiency



Drivers for Pump Benchmarking

Benchmarking information is
needed on the performance of
a pumping system relative to:

o its baseline performance
o the performance of a peer-
utility pumping system

Benchmark Value

BenCh mork pU m p Actual Pump Performance Actual Pump Performance
1 Worse Bett
performonce for G Wlde than Benchmark than B?en:i:mark
range of categories (type, (] (. O
age, control, etc.) ety il Beetteietn >
Improvements Required Maintain Performance
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A New Way to Measure Pump Statfion
Performance

System-wide

measurement J
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is calculated based on
the pressure difference (Total dynamic head, TDH)

PE=kWh/MLxm( APressure)

Is calculated
based on the differences in elevation (i.e., just stafic

head)
PPI=ikWh/MLxm(AElevation)



Data Collection Framework

= Pump station data Monthly

energy

, bills :
Suction Pumps in

pressure operation
data
Elevation Energy
of pump consumption
station data

Discharge
pressure
data

. Tank level
» Hydraulic data B
for _l_he .I.Onk Elevation

of tank
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Database Development/Validation

DATA CLEANING

Data Cleaning

Conversion to Consistent Units

Estimate Missing Data

Matches to Energy Bill

Remove Outliers

Calculate Performance Metrics

USE OF DATABASE

Upload to Database

(.

Visualize Performance

(.

Publish Results Online

(.

Compare Your Results with

Peers

26



Pump Benchmarking Tool Architecture

DATA STAGES s@L VITH
Web
‘ : Server
Upload Shlny
by RStudio
Clean And Internet 5
Transform Data 3\

Client Data ' :
<. Displays in

Browser

27



Pump Benchmarking Tool

Overview Pump Explorer Pump Station Details
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Flow vs PEI
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Badruzzaman et al. (2017) Performance benchmarking of pumps and pumping systems for
drinking water utilities, An ongoing project funded by the Water Research Foundation (WRF 4621). o9



Energy Data Management is @
Complex Process

Badruzzaman et al. (2017), Managing water and wastewater utility data to reduce energy

consumption and costs, An ongoing project funded by the Water Research Foundation (WRF 4668) 30
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